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PREFACE 


The studies on soaps detailed in tliew! pages were originally 
undertaken for the elucidation of variotin pundy l>ioIogi(»al c|tieH» 
tions. The prcwf that widely differing t!HH)retieal arui priietira! 
problems associated with the maintenance of normal physiology 
in plants and animals or in the treatment of tlieir dii4«*ai^»H are 
essentially problems in eolloid-cdiernistry (more |>ariirnlarly 
problems in the colloid-cdiertiistry of tlie pndeins) made* more 
and more evident the neeemsity for a ladder umlersianding the 
nature of various colloid-chemical changes themmdves, llie 
chemistry of the pmteins m chains of wi<lely difTering amino- 
acids presented, however, such an infinity of jK>ssihle varialdes 
that every direct att^empi to amdyxe their colloid-cdiernical 
behavior was beset with diffictdty. For this mison we turniHl 
to the soaps, for these substances not only c*f)ntain a more con- 
trollable number of purtdy chemical varial)lc‘H, but their colloid- 
chemical behavior is much like that of the proteins. Fmm the 
surer ground of the soaps it was then imssibk* to step over into 
the more slippery one of the pnjhdns. What are some of the 
bearings of our various conclusions u|K)n tlie biological lMdiii\dor 
of living cells under normal and abnormal circumsbiiictm is detailed 
in the pages that follow. 

The reason why this volume is written as it is, is largely thi» 
fmit of circumstance. While my first interest are biological 
and medical, it happens that generous friends have often mkml 
me to present the work contained in this and some other of my 
books before their societies devoted to various l)ranches of pure 
and applied chemistry. Due to such encouragement 1 btivi* »f*t 
down in this volume the substance of what was said te them and 
in which they saw relations to their own fields of endeavor. 

Among the scientific journals to which this work was first- 
submitted only Science and The Chemical Engimer touM find 
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PREFACE 


space for some of its fragments. In order that the whole miglit 
be presented in sequential form it was therefore necessary to write 
a book. 

I am greatly indebted to Doris Wulff for her athnition to 
the manuscript; to Joseph B. Homan for his p(m and ink draw- 
ings; to Josef Kupka for his photographs and tin Jess devotion 
to the business of the day. 

Martin IL Fischer. 

Eichberg Laboratory of Physiology, 

University op Cincinnati, 

November 24, 1920. 
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PAirr ONE 

THE COLWID-CHEMJSTUY OF SOAPS 

I 

SOAP MAKING 
1. Introduction 

If there are included in the definition of soap all those com- 
pounds which are formed wlnui a metallic base (including ammo- 
nium) is united with a fatty acdd radi(!al, any effort to emphasize 
their wide imiK)rtiui(!(^ is largely suptirfluous. Not only do various 
soaps appear, changti and them disappear in living animal and 
plant cells under various (;ircumstanc.e8, not only do they con- 
stitute, from both a (}ualitativ(! and a quantitative viewpoint, 
one of the chief intenssts of theoretical and practical chemists, 
but their existence, availability and properties have much to do 
with the very esthetics of our existence, from clean clothes to the 
fine arts. 

The making of soap — even when carried out in ton lots by 
the modern manufacturer — does not in our day differ materially 
from the methods employed by the pristine housewife. “ Fats ” 
and “ oils ” are still stirred or trailed in a kettle with a caustic 
alkali of some sort. Tlie modern concept of what happens under 
such circumstances may be said to date from Chevheul, who in 
1815 showed that “ fats ” and “ oils,” whether of plant or ani- 
mal origin, are compounds of fatty acid with alcohol, usually the 
triatomic alcohol, glycerin. When such compounds (esters, in 
other words) are treated with an alkali, double decomposition 
ensues, the metallic radical uniting with the fatty acids contained 
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in the fat or oil to form the corn!si)()ii(linK soaps, whih' hIcoIk 
(glycerin) is split off. Expressed graphically and for a singl 
“fat”: 

/O-CisHasO 

CaHs^O- CisHsnO+SNaOH =dNa( ) ■ ( ',sl Is.d > I rjl ,( OH 

^0-C,8H3.50 

Glyceryl stearate •4" Boiliuni Rteurule I jllyt rnu 

hydroxitl 


It is important for our purposes to not(‘, first, tlH‘ vuriahh 
contained in th(5 elements constituting tiu^ n^aetion luixtun*. 

There is (1) the fat. Whiles all tlu* fat.s arc' (‘stei's, tliey ru 
the gamut in mere physical attribuhss from t la^ (‘Xtnane, on t!i 
one hand, of liquids not unlike watcM*, through viscid oils, to th 
extreme, on the other hand, of solids lik(» “ \vax(*s,’* which (*a 
hardly be broken with a hamnua*. Hut., from a chemical |>oii] 
of view, it is obvious that thes(^ may also ditler widely fnan eac 
other both as to (a) kind of fatty aci<l found in the {*ster, an 
(6) kind of alcohol united to tla^ fat t y acid. Kvvn wit hoi: 
embracing the theoretical extnam^s w(‘ find at. tht* om* (ual fatt 
acids with, say, six carbon atoms in t.hi‘ mohamle, whih' at th 
other may be those with two dozim. Tlu' alcohol found in th 
fat is usually glycerin, but iliatomic or monatomii! ah’ohols ma 
take its place. 

A second variable concerns (2) th(‘. hydroxid (unj)loy<ML Sine 
the commoner soaps of commerce^ an' sodium soaps, sodiui 
hydroxid is the alkali ordinarily ('inployi'd. In “ soft son 
manufacture potassium hyilroxid is usi'd, for the' soft soaps ar 
potassium soaps. Directly or indirc'ctly, howi'vc'r, otlu'r hydroxid 
or bases are of much scientific or technologii^ importamax SiHliun 
potassium and ammonium are of signifkamet' whem ordinar, 
“ washing soaps are under consideration, but tlu' wulv distr: 
button of magnesium and calcium com{)ounds in various waters 
makes necessary a knowledge of the propiu’tu's of th(‘ soaps < 
these metals when hard ” watiu's are uscaL Tlu' importune 
of the heavy metals, like ttnc and lead, bcH'omes appari'Ut whc' 
it is recalled that zinc stearate is us(h1 as a dust.ing powdia* i 
skin affections and that the plastic jjropcalic's lead plaster 
and of various paints is dependent upon tire lead soaps found v 
formed in these mixtures. 
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Another variables is repremib^l by (3) the water. It iiiu«t 
be constantly borne in iniiul that .soap nnunifaetiire is earritxl «nit 
in the prtiH<nu‘-e of rc^lativc^ly little^ wab^r. Ah oniinarily expreniial, 
soap making pnxxxHls in a highly (a)n(^(mtrakHi reac^tion mixture. 
Not withotit its important infUumcc^ is tlu^ prenence of (4) the akti- 
hoi (glycerin) split off in th(^ pro(‘(‘HH of manufacture. A firiiil 
variable that nm.st Ix^ (*oiiHi(l(u*(xl in th(‘ ordinary procesH of soap 
mamifa(‘.ture is (5) tlu^ tcnn|Hn*at\ir(‘. Many soapn can Im mml<% 
and are made, at ordinary t(‘mp<^ratureH or by tlm cold prtH*- 
ess; more commonly, howi‘ver, they are ** boiltaid' 

The BCM^alled Twm’UKLO pro<‘eHH of soap manufacture diflers 
from the alxwe only in the fa<*t that iimtead of the mnitriil fats 
(in other words, glyeerids or esbu-s) tln^ fn‘e fatty aedds an* UHi‘d. 
In this process the original fat is first broktm into fatty acids amt 
glycerin, and the separated fatty acids an* bnnight l>y thmnmdvt^H 
into the soap kettle. To tluun is tlam added an appropriate 
hydroxid, and the soap is made. Fuiuiamcnially, however, the 
variables in the reaction mixture an% from botli a ch<*mi(‘al ami a 
physical standpoint, essentially those already listed, excerpt that 
glycerin is missing. 

The conv(‘rsion of a mnitral fat (or of a fatty acid) into soaj) 
requires tinu^ How(‘V(*r, if the n‘a(‘tion has b(x*n carritnl to com- 
pletion, and if no (‘X(*(‘ss of any of the ingnslhuits has b«»eti 
employed, it is obvious that tlu* final mixtinx* in the soap kettle 
must consist of (1) wat(‘r, (2) ah’ohol (gly(‘<‘rin) ami (3) soap. 
Tlui soap must be (‘xamimxl (a) from tlu* point of vi(*w of the fatty 
acids which it contains, and {b) from that of tht? basic radical or 
radicals which it may hold, d'his fundamcnkil process of wmp 
manufa(d»urc is eomplieated, howiwer, by a proeexiure which 
introduces a n(*w variahk^ into th<* general problem and wliicli, 
in consequcnuH*, rcHpiires spcndal analysis, d'his is (4) the ** Sfiltiiig- 
out ” process. In th(! manufacture of ih(^ ordinary washing 
soaps, for example^ tin* fat with its addtHl alkali or the fatty iieiil 
with its re(juisit(* alkali is hoiknl until soap formation is assuiiitMi 
to be completes There is th<‘n added eitla^r (a) a grtmi surplus of 
the alkali (like sodium hydroxid) or more commonly (b) a neutral 
salt. Usually sodium cldorid is shoveled into the soap kettle. 
As generally ex|)reHS(K,l, the excess of alkali or the i:)remmce of ttu! 
sodium chlorid makes tlie soap ** insoluble in the lyi*,” where- 
fore it “ grains '' and floats to tlu^ tep of the boiling soap mixture. 
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In commercial soap manufacture, this surface layc^r of soap (bring- 
ing with it a certain amount of water, of exc(\ss alkali or salt, and 
some glycerin if the Twitchell process is not tlu^ onc^ (anploycMl) 
is separated from its lye, is permitted to c.oc^l and after more or 
less handling is made into “ cakes ” for trade purposes. 


2. Soap Making as a Colloid-Chemical Problem. The Fatty 
Acids of the Technical and Theoretical Chemists 

Until the eighties of the last century, soap itself and the proc- 
esses of its manufacture were looked at from a pun^ly “ ehemi(‘al ” 
point of view. The soaps were, in otlun- words, n^garch^d as ordi- 
nary salts which were either solubki or “ insolubh* in 
water or other solvents. When solubk^, th(^ r(\sulting soap 
“ solutions were generally regarded as obeying th<^ laws (char- 
acteristic of the ordinary solutions. In 1888 I^'hanx: Hoemewtee * 
chose the soaps in general and sodium ok^abc in particmlar m 
materials of colloid ” nature and as fit substan(*(^H upon which 
to test out the dehydrating effects of various salts. The notiem 
that soaps were normal electrolyte's,” that solutions of soap 
follow the laws of osmotic pressure and in other ways (comport 4 Hl 
themselves as true solutions contimu^d, howewer, into tlu^ nimdieH, 
when F. Krafft^ and his co-workers pointful out that th<! more 
concentrated solutions of soap did not show th(c (‘akadated d<‘{>reH- 
sions of the freezing point or elevations of tlu^ boiling iK>int of 
true solutions. Krafft and his fellow worker’s therefforc^ declared 
these more concentrated soap solutions “ (‘olloid.” Further 
impetus to the development of this colloid-chemical notion of the 
soaps was given by F. Goldschmidt and his pupils,^ whik* various 
articles subsequently written by J. LEiMDiuiFKE,^ F. Botazzi, 
C. ViCTOROw^ and W. Bachmann^^ may be said to have 
established with finality that the soaps, in thc^ comamtratcHl form 

1 Franz Hofmeister: Arch. f. exp. Path. u. Pharm., 25, 6 (1H8H). 

2F. Krafft and H. Wiglow: Her. d. dcut. cherii. OaKelbch.. 28. 2573 
(1895) . 

»F. Goidschmidt: Kolloid-Zeitschr., 2, 193, 227 fHM)8); F. Gold- 
schmidt and L. Wbissmann: Kolloid-Zeitschr., 12, 18 (1913). 

< J. LBiMDdHrEE; Kolloidchem. Beihefte, 2, 343 (1911). 

' F. Botazzi and C. Victokow: Kolloid-Zeitschr., 8, 220 (1911), accessible 
only as review. 

“ W. Bachmann: Kolloid-Zeitschr., 11, 145 (1912). 
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in which they are encountered in the ordinary processes of the 
soap manufacturer, represent typical colloid-chemical systems. 

The relationship between the older physico-chemical views, 
which proved that soaps under certain circumstances act as 
normal electrolytes,” and the insistence of later observers that 
they are colloids will become clearer as we proceed. Since the 
soaps ” ordinarily discussed are mixed soaps, and since the 
properties of such mixed systems are in themselves dependent 
upon the nature of the soaps entering into these mixed systems, 
it is best to begin by an investigation of the physico-chemical 
properties of the pure soaps themselves. 

It is well, for this purpose, to list the fatty acids of the tech- 
nical and theoretical chemists. This is done in the following 
table which is taken from J. Lewkowitsch.^ Those fatty acids 
of the various categories which receive special study in the suc- 
ceeding pages are printed in bold face. 


TABLE I 


I. Acids of the Seeies CnH2n02. Acids of the Acetic Series 


Acetic acid 


Margaric acid 

C17H34O* 

Butyric acid 

O4H8O2 

Stearic acid 

CisHseOi 

Valeric acid 


Arachidte acid 

CioHwOi 

Caproic acid 

CeHuOa 

Behenic acid 

C22H44O* 

Caprylic acid 


Lignoceric acid 

C24H48O* 

Capric .acid 


Carnaubic acid 

C 24 H 480 a 

Laurie acid 


Pisangcerylic acid 

C 24 H 480 * 

Ficooerylic acid 


Cerotic acid 

C26H6202 

Myristic acid 


Montanic acid 

C28HW02 

Isocetic acid 

Ci 6 H 3 n 02 

Melissic acid 

C30H60O2 

Palmitic acid 


Psyllostearylic acid 

C33H06O2 

II. Acids of 

THE Series CnH 2 n- 

- 2 O 2 . Acids of the Acrylic 

OR 


Oleic Series 


Tiglic acid 


Rapic acid ^ 

.... C18H84O2 

Not named 


Petroselinic acid 

.... C18H34O2 

Not named 

C14H26O2 

Cheiranthic acid 

.... C18HS4O2 

Hypogaeic acid 


Liver oleic acid 

.... Ci 8 H 3402 

Physetoleic acid 


Doeglic acid 

. . . . C19H36O2 

Palmitoleic acid 


Jecoleic acid (inferred) 

. . . . C19H3CO2 

Lycopodic acid 


Gadoleic acid 

.... C20H38O2 

Oleic acid 


Erucic acid 

.... C22H42O2 

Elaidic acid 


Brassidic acid 

.... C22H42O2 

Isodleic acid 


Iso erucic acid 

.... C22H42O2 


1 J. Lewkowitsch: Oils, Fats and Waxes, 5th Ed., 1, 111, London 
(1913). 
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III. Acids of the Series CnHan-iOa 
(a) Open Chain Acids 

(a) Acidn of the Linolic .SVn>» 

Linolic acid CisHsaOa Ekuimargaric (KlwottoariiO 

Millet oil acid C 1 RHS 2 O 2 acid (%»Hw«)s 

Telfairic acid C 18 H 32 O 2 


(/ 3 ) Acide of the Taririe Series 
Tariric acid Ci8H320a 


( h ) Cyclic Acids. Acids of the CHAULMooimic' Serieh 

Hydnocarpic acid CifiHa802 ChaulmooKric arid , 

IV. Acids of the Series CnH2n-602. Ac’ids of the Linolemc Series 


Linolenic acid Ci8n3oI)3 Jccoric acid (inferred j , (’isHwOi 

Isolinolenic acid Ci«H3oOa 


V. Acids of the Series C^iH-in-HO^. Acids of the ( ’lcpanodonic Series 

Isanic acid (•nlhoOa (■lui)anodoni<' acitl 

Therapic acid (inferred) Cr/IIaflOa Arachidonie aeid I’ibIIwOi 

VI. Acids of the Series CnliaaO,). Hvdroxvlated Acnm 


Sabinic acid Ci2Ha403 Not. named <*i»Ii*sOj 

Juniperic acid CisHsaOj Cocceric acid 

Lanopalmic acid CidlhaOs 


VIL Acids of the Series CnH2n--203. Acids of the Ricinolexc Serika 

Ricinoleic acid CisHmOj Ricinic aeid. . . . . . 

Isoricinoleic acid CisHwOs Quince oil acid 

Ricinelal die acid CibHs^Ob 

VIII. Acids op the Series CnH2rt04. Dihydroxylatkd Acids 

Dihydro xystearic acid CisHssCh l^anoceric acid 


IX. Acids op the Series C,jH2»-204. Dibasic Acidh 

Heptadecamethylenedicarboxylic ()ctodecurrud,hyle«(Hlirarbox.vlie 


CisHsfiOi acid 

Japanic acid. <*itII*»Ch 


With these remarks, we shall proceed at once to a stmly of the 
water-holding power of various pure soaps. 
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II 

THE SYSTEM SOAP/WATER 
1. Introduction 

In the course of our work on the stabilization of emulsions ^ 
(in which we showed that the maintenance of a water-in-oil type 
of emulsion is dependent, in the main, upon the substitution of a 
colloid hydrate for the pure water) we were struck by the fact 
that no detailed figures are available which discuss in any syste- 
matic fashion the absolute hydration or gelation capacities of 
various pure soaps. Even though many studies^ on the chem- 
istry of soaps and their general colloid behavior are available, 
and even though we possess much empiric knowledge regarding 
the water content of various commercial soaps, these investiga- 
tions deal, for the most part, with mixed soaps, with soaps pre- 
pared in alcoholic solution or with such as have been salted- 
out/’ But, as will be shown in this and subsequent sections, all 
these circmnstances may materially modify the water-holding 
powers of the involved pure soaps, so that we found it necessary 
for our own purposes to prepare pure soaps with such factors elimi- 
nated. Since the values which we have obtained are not only of 
direct chemical and technological interest, but form the basis for 
theoretical views covering the nature of the lyophilic colloid state 
and the behavior of living organisms which are composed of such 
materials,^ we give below our detailed findings. First to be dis- 
cussed is the system composed of pure soap plus water, 

^ Mabtin H. Fischer and Marian O. Hooker: Science, 43, 468 (1916); 
KoUoid-Zeitschr., 18, 129 (1916); ibid., 18, 242 (1916); Fats and Fatty 
Degeneration, 29, New York (1917). 

2 See for example F. Hofmeister: Arch. f. exp. Path. u. Pharm., 25, 6 
(1888); F. Krafft and H. Wiglow: Ber. d. dent. chem. Gesellsch., 28, 2573 
(1895); F. Merklen: Etude sur la constitution des savons du commerce, 
Marseilles (1906); F. Goldschmidt: KoUoid-Zeitschr., 2, 193, 227 (1908); 
J. Leimdorfer: KoUoid-chem. Beihefte, 2, 343 (1911); F. Botazzi and 
C. ViCTOROw: KoUoid-Zeitschr., 8, 220 (1911), accessible only as review; 
W. Bachmann: KoUoid-Zeitschr., 11, 145 (1912); F. Goldschmidt and 
L. Weissmann: KoUoid-Zeitschr., 12, 18 (1913); J. Lewkowitsch: Oils, 
Fats and Waxes, 5th Ed., 3, 299, London (1915). 

^See page 64; also Martin H. Fischer and Marian 0. Hooker: 
Science, 48, 143 (1918); Martin H. Fischer: GEdema and Nephritis, 3rd 
Ed., New York (1920). 
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2. Preparatioii and Gelation Capacities of Some Pure Soaps 

with Water 

Unless otherwise noted, we prepared all our soaps in exaet-ly 
the same way, namely, by neutralizinj>: a d(dinib‘ lone 

mol) of the pure fatty acid with a chcini(‘ally <H|uivalt‘nt ainouni 
of the hydroxid, oxid or carbonate of the n(H*c*ssiiry nH*tal in a 
unit volume (one liter) of water, kcu^pin^ th(^ whole* inixtuie* at 
the temperature of a boiling water bath until union }H*twe*eii the! 
acid and base had been accomplished. ( 'an* was takem to prevent 
or to make good any loss of water from tlu* mixture 

while in the bath. Under these (^ire-umstane(*s W(* are dealing in 
the end, of course, only with a unit w(*ight. of sonu* pure soap in 
the presence of a unit weight of wat(*r. Iliis (h*tail n*garding 
the histories of their preparation is of litth* interest, fnan a 
chemical point of view, but, since tin* soa])S an* eolloid/' 
it is of vital importance from a physical out* and, iherefore, in tin* 
elucidation of the final result obtain'd. After we laid prepared 
our soaps, the reaction mixtures were cool(*d to W i \ and tht* 
yields of soap weighed. When the entire mixt.un* b<*i'aim* gelatin- 
ous or solid we considered that all the wat(‘r had b{*(‘n abwirbed 
by the soap.^ When ^^free’^ water b(*gan to apjK*ar abov<* the 
soap, the weight of the theoretical yi(*ld of dry soap was sule- 
tracted from the weight of the soap as |)rodu(‘(Hl, the difT(*rim<*e 
being expressed as percent of water alisorlied ” by ilit! sonii in 
terms of the weight of the theoretical “ dry ’’ yield. 

a. Soaps with Different Basic RadicMs. W(* bc*giin our ex|M*ri- 
ments by preparing a series of limlates. Tlu* <*xact c*x|aumnf*ntid 
methods followed and the results obtaiiunl may be di*duced frc»in 
Table II. The striking differences in tlie absolute* amounlH of 
water taken up by these different soaps is readily a|)parc*nt to the 
naked eye. To illustrate the matter Fig. 1 is introdiuxal. 

The different water-holding capacities of a Beri(*H of oleaies and 
stearates is shown in Tables III and I V and Figs. 2 and 2. The 
experimental procedure in their production was tlu* one* d<‘8CTibed 
above. A comparison of these figures and fmdingH witli thone 
obtained in the linolate series is of interest because^ the* three* fatty 

^ This is really not the case, for what wo actually detomuned wiw the 
gelation point. How this differs from the hydration (or solvation) |K)int will 
become clear later. See page 74. 
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's are all eighteen carbon atom acids, but are of three different 
5S, varying in their degrees of hydrogenation as is shown in 
following empiric formulae: 

Linolic acid CnHsiCOOH 

Oleic acid C17H33COOH 

Stearic acid • t • •. CiTH5^CO0^ 
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In Tables V and VI and Figs. 4 and 5 are shown the gelation 
capacities of a series of palnntates and a scries of lanrates. 

These five sets of experiments show that a first factor in the 
amount of water held by different soaps is resuknt in the naiure of 


the metallic radical combined with the fatty add. If the radical 
most effective in this regard is given first, the sequence is about 
as follows: 

NH 4 , K, Na, Li, Mg, Ca, Hg, Pb, Ba (?) 
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As reference to the original experiments in the tables shows, it is 
especially the last mentioned members in the series which are 
likely to be transposed- 



6. Soaps with Different Acid Radicals, We turned next to the 
question of water absorption by soaps possessed of a common 
base and prepared under identical conditions but containing differ- 



Figttbe 6. 


eni fatt.y riiclic^alH. The 

in I.Ih* (‘ane u! the Bmltum 
salts of ihv mriie mid mrirs are 
nhown in Fig. t). All the «mprt 
wore HO ininh‘ that in the enii one 
inol of tin* «)ap wiw pixM,hircHl 
in tlu‘ proHcau’t*, of one likT cjf 
water. 

Ah Fig. i\ hIiowh (the fonimk^ 
and a(X‘ia.le Inive lunm oiiiitUal) 
th(^ l()W(‘nnoHt inianlMTH of thiM 
HerieHyi(‘ld only inohanilar (**true*‘) 
Holuiions tinder ihent* exiM^rinieiit- 
al eonditionn. Tin* mihittonH of 
Hodiuni eaprylaie aiul enprate, 
an lu‘n‘ prepunni, nhow deekleilly 
last ing foams, indii’iitiiig that th«*y 
ant approaehing etdioid pni|M*r» 
tit^s. Beginning with aoiltuin 
laurati*, all tin* nnnaining 
yu‘ld solid whikt gels. 

Hut same gitneral truths an* 
shown for t.lut potumium buUm of 
the acetic mid mrivs in FiK. 7. 
Here again tint lower iiieiiibew 
yield only Iriu* ** solutions, the 
rniddh* ont^s litiuid colloids, the 
upper on(*s solid gels. 

Th(*s(t two gnnips of 'exjMtri- 
ment.H show that, under Mernim 
fixed conditions the under Hilmorbing 
pouwr of any soap drjMmds upon 
the nature of the fatly acid in the 
soap, increnmng rnilh itn height in a 
given series. 

To g(tt a more aceuraks meas- 
ure of tint amounts of water that 
can thus ho held liy a series of dif- 
ferent sodium soaps we made the 
following experiment. 
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Molar equivalents 
of several different 
sodium soaps of the 
acetic acid series were 
prepared as described 
above, but in the 
presence of gradually 
increasing amounts of 
water. Water was 
added until, upon cool- 
ing the soap mixture 
to 18*^ C., a solid gel, 
or one not showing 
syneresis,’^ was no 
longer obtained. 
Stated conversely, it 
was presumed that 
the limits for water 
absorption had been 
exceeded as soon as 
we obtained only a 
solution ” of the 
given soap or one 
which showed free 
liquid at the tempera- 
ture chosen (18° C.). 

The results of an 
actual experiment are 
portrayed in Fig. 8. 
The lowermost mem- 
bers of the sodium 

V 

salts of "the acetic 
acid series take up 
no water at all; they 
yield only true ” 
solutions. Sodium 
caproate forms a true 
solution in very little 
water, but when this 
is slowly evaporated 
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Fj0chs8. 
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one does not always get a crystalline product- The residue 
is frequently shellac-like. Sodium caproate may therefore 
be taken as the first soap in the series to show any water- 
holding power. Sodium caprylate easily yields true solutions, 
but if the amount of water is chosen correctly a beautiful 
gel results at 18° C. The amount of water for one mol 



of the soap must not exceed 200 cc. The matter is illus- 
trated in the left hand bottle of Fig, 8. Sodium caprate still 
yields a solid gel if 500 cc. of water are present to the mol of soap. 
This is shown in the second bottle of Fig. 8. As we mount in the 
acid series, the water-holding capacity grows tremendously. One 
mol of sodium laurate will hold 4 liters of water; the same amoxmt 
of sodium myristate, 12 liters; of sodium palmitate, 20 liters; of 
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sodium marga^lt^^ 24 liters; of mulm 
stearate, 27 litens and of sotliiim iiriieli; 
date, the enormous valiu* of 37 liien 
These facets are illustrateil in the reinaii: 
ing botth^s of Kg. 8 and, in 
form, in Fig. 9. 

Sodium margarait^, hohhng its 2 
liters of vvat(‘r to tin* mol of mmp, asHuiuf 
its rightful plae<‘ hi tin* series n 

indicated in tin* hroktm line eolunin i 
Fig. 9, but, sin(’t‘ it doc*H not mnnu in b 
setthnl as yc‘t that margarie acid i 
more than a “ (nittniic mixture u 
palmitic ami st4*arie acids, this j>oiii 
should not hn too Innivily sin»ssed. I'h 
soap of pcilargonic acid {C\d we hin* 
not yet Ixhui abk* to study. Both ih 
sodium and potassium salts of ceroti 
acid (C27) an‘ so slightly hydriitald 
(even after Huh]e(’tion to high iemia»nt 
tures and irntn^asi^tl aiumspluTie pressure 
that this acid (ItH'smjt tit iiit4>the Hinooil 
series of tla^ soaiw already des<*rilMMl 
Excepting tlu‘H(‘ tlins» aeitls, it will b 
noted thendon^ tluit all the aviliT-lmldini 
soaps are oi acuds with an reivi nmnlw 
of carliou atoms in the ifinpiric’ forinulii 
a fact which may not !m* wdihtnii sigtiifi 
cance in deciding which of the acids o 
the empiric formula ('ttll 2 ii+ iCOOH Ik* 
long in a triK! B(*ricm. 

In the exj:wriment just deserilKHl 
the water-holding |K>wer |M*r gram-mole 
cule of soap was dc*t4!rmim!d. In orde 
to get this value for equivalent weight 
of the difTer(*nt soaps, the si^ries o; 
experiments illustratcMl in Fig. HI win 
performed. In this instance, water win 
added to one gram of (*ach of tlie care 
fully dried sodium soaps until, aftei 
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solution in a hot water bath, a dry gel was no longer obtained 
on reducing the temperature of the mixture to 18° C. It is 
again evident that only liquid mixtures (true solutions) are 
obtained upon the addition of even trifling amounts of water to 



the lowermost members. The actual amounts of water taken up 
by the higher members per gram of soap are shown in Table 
VII and, graphically, in Fig. 11. 

The water-holding capacities of three sodium soaps of the oleic 
series (oleate, elaidate and erucate) and that of sodium linolate 
are shown in Fig. 12 and Tables VIII and IX. These two tables 
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show that, in the oleic series also, the soap of tla^ IukIut fatty 
acid has a greater absolute gelation capacity than a lowca* oiuk 
Because linolic, oleic and stearic acids ditTta' from cacdi other 
only in the degree of their hydrogenation it is inlen\st tci (com- 
pare the gelation capacities of their thn^^ sodium soaps. 'Fhe 
amount of water in cc. held per gram of dry soap is as ft)llcnvH: 


Linolic (CnHaiCOOH) .1 :H 

Oleic (C 17 H 33 GOOH) 3 28 

Stearic (CnHasCOOH) HH.(M) 



Figure; 12. 


When comparison is made of the amount of water in vv. laid 
per mol of dry soap, the values are as follows: 

Linolic (CnHsiCOOH) 

Oleic (C 17 H 33 COOH)..... poem 

Stearic (CnHsBCOOH) 2tl4riH 

Or, expressed as percent of soap re(|uired to yicid the d<*HerihcHl 
colloid systems: 


23 20 

23 31 iHmmi 

Stearic I p2 ixirreat 


c. The Effects of Waler Concerdration. The iiliyHical nfate of a 
soap/water system has in the above paragraphs hwn shown to 
be dependent upon (a) the type of base, and (b) the tyia* of fatty 
acid in the soap. We wish now to emphasize the fact tliat a third 
element in the matter is (c) the concentration of the* wat<!r. This 
item, which will be considered in greater detail later becaust^ 
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1 importance for the general theory 
e colloid state/ is illustrated for 
nber of the sodium and potas- 
soaps of the fatty acids of the 
} series in Fig. 13. Each pair of 
contains 10 cc. of a half molar 
ition ” of the sodium or potassium 
)f propionic, butyric, valeric, cap- 
caprylic,^. capric, lauric, myristic, 
Ltic, margaric or stearic acid. It 
3 e observed that the first six pairs 
bes from the left all contain mobile, 
liquids — ^in other words, liquids 
look like true solutions. In the 
ith pair (laurates) the sodium salt 
s a colloid mass in a solution of 
m laurate while the potassium 
yields only a solution. In the 
ti pair (myristates) the sodium 
fields a solid white gel while the 
sium salt^ still yields in part a 
3 ” solution with a colloid mass 
in the bottom. Beginning with 
)alniitate pair and through the 
arate and stearate, o*nly solid white 
are obtained. This experiment 
es to show that a colloid soap 
^ may be obtained with water only 
the concentration of the water is 
sufficiently low and that when 
alent concentrations are compared 
Hum soap becomes colloid sooner 
a corresponding potassium soap. 
e shall see later, this is because 
sium soaps are more soluble in 
• and tend in consequence to yield 
jular (true) solutions over higher 
of soap concentration than the 
m soaps. 

^ See page 69. 
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TAB1.K II 

Gelation Capacities op Dipfkrent Linolatks with Watkk 


Soap. 

How prepared. 

Theoret. 
weight of 
dry soap 
(m. w. 
expressi'd 
in 

grams) . 

Ob- 
served 
weight t>f 
soap 

ItH 

pre- 

par<‘d. 

AhBolult* 

amount 

of 

gelation 

watr'i 

1 Vi rent 
of 

gelation 

water 

at 

IH« {■ 

l‘hy»iral 

»!lite 

at 

Ammonium 

linolate 

Warm normal ammonium 
hydroxid solution poured 
into warm linolic acid 

2ft7 

1297 

KKM) 

33tl 

Highly vi»» 
eid , plight 
ly eloiidy, 
>■ e How 
Itquid 

Potassium 

linolate 

Hot normal potassium 
hydroxid solution poured 
into hot linolic acid 

:n« 

1318 

. . 

UMH) 


Highly vm- 
«*jd, ojmh 
ojo'rijt, 
y e n o w 
hqutd 

Sodium lino- 
late 

Hot normal sodium hy- 
droxid solution poured 
into hot linolic acid 

:m 

1302 

1 

ItKM) 

331 

Highly vb* 
enl, alight •' 
ly ehoiity. 

y e 1 1 o w 
hquid 

Magnesium 

linolate 

Magnesium oxid stirred 
into hot linolic acid and 
hot water added 

2hl 

309 

1 

! 

1 

37 

j 

Yellow 

alirhy 

fuam 

Calcium lin- 
olate 

Dry calcium hydroxid 
stirred into hot linolic 
acid and hot water added 

2t)9 

4(H 

i 105 

! 

1 

35 

i 

i 

! i 

hile 

Oaken 

Barium lino- 
late 

Dry barium hydroxid 
stirred into hot linolic 
acid and hot water added 

348 

380 

32 

r « ' 

1 

|l)ry 

Lead linolate 

Litharge stirred into hot 
linolic acid and hot wa- 
ter added 

382 

382 

3K2C.M* 

i C'5 

'Htirkv vel- 
, low 


♦This observation is subject to question because of the jmssihie oxidation of the fatty 
acid. 



THE COLLOID-CHEMISTRY OF SOAPS 


25 


TABLE III 

Gelation Capacities op Different Oleates with Water 


Soap. 

How prepared. 

Theoret. 
weight of 
dry soap 
(m. w. 
expressed 
in 

grams) . 

Ob- 
served 
weight of 
soap 

as 

pre- 

pared. 

Absolute 

amount 

of 

gelation 

water. 

Percent 

of 

gelation 

water 

at 

18® C. 

Physical 

state 

at 

18® C. 

Ammonium 

oleate 

Warm normal ammonium 
hydroxid stirred into 
warm oleic acid 

299 

1299 

1000 

Over 

334.4 

Clear, solid 
gel 

Potassium 

oleate 

Hot normal potassium hy- 
droxid stirred into hot 
oleic acid 

320 

1320 

1000 

Over 

312.5 

Clear, semi- 
liquid gel 

Sodium ole- 
ate 

Hot normal sodium hy- 
droxid stirred into hot 
oleic acid 

304 

1304 

1 

1000 

Over 

328.9 

Clear, solid 
gel 

Lithium ole- 
ate 

Lithium carbonate stirred 
into hot oleic acid and 
hot water added 

288 

1288 

1000 

Over 

347.2 

White, solid 
gel 

Magnesium 

oleate 

Magnesium oxid stirred 
into hot oleic acid and 
hot water added 

293 

510 

217 

74.0 

White plas- 
tic mass 
in “free" 
water 

Calcium 

oleate 

Calcium hydroxid stirred 
into hot oleic acid and 
hot water added 

301 

380 

79 

26.2 

White plas- 
tic mass 
in “free" 
water 

Barium 

oleate 

Hot normal barium hy- 
droxid stirred into hot 
oleic acid 

350 

360 

10 

2.9 

Y ello wish 
plastic 
mass in 
“free" 
water 

Lead oleate 

Lead oxid stirred into hot 
oleic acid and hot water 
added 

384 

425 

41 

10.7 

Y ellowish 
plastic 
mass in 
“ free"- 
water 

Mercury ole- 
ate 

Yellow mercuric oxid stir- 
red into hot oleic acid 
and hot water added 

381 

' 425 

44 

11.5 

Y ellowish 
plastic 
mass in 
“ free” 
water 
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TAUI.K IV 

Gelation Oapacities of Diffkkf.nt Steauatem with \\ ateh 


Soap. 

How prepared. 

Theorct. 
weight of 
tlry Hotip 
(m. w. 
exprej«e<i 
in 

grams) , 

ole 

served 
weight of 
soap 

as 

pre- 

pared 

1 

A Imohlt e| 
lunoufit 1 
uf 1 

golatioJt 1 
wafer 1 

Pererol 

i 

geJaf i«*n 

wafrt ‘ 

3Jl 1 

IVT, 

I'hli'Piral 

tjliife 

at 

IH" r 

Ammonium 

stearate 

Warm normal ammonium 
hydroxid stirred into 
warm stearic acid 

:i()i 

1301 

itMHf 

iHrr 
:(:« V 1 

1 

lute |4a»* 

tM' 

Potassium 

stearate 

Hot normal potasHium hy- 
' droxid stirred into hot 
stearic acid 

'ATI 

1 3».«. 

KKH) 

1 >vrr 

31 tj 

Sriii».4mrd 

wluif** 

^m$» 

Sodium 

stearate 

Hot normal sodium hy- 
droxid stirred into htd 
stearic acid 

aiMi 

latMi 

UMH) 1 

» K rr 

, 33li H 

Hard whlt« 

w*a|t 

Magnesium 

stearate 

Magnesium oxid stirred 
into hot stearic aci<l and 
boiling water added ' 


una 

tip A i 

4 

what 
p i a a f 1 n 
r h a 1 k y 
in 

" f r e n*' 

water 

Calcium 

stearate 

Calcium hydroxid stirred 
into hot stearic acid and 
hot water added 

:m 

7un 

403 

i:vj fi 

loir, dry, 
l» t s 1 I 1 «l 
powder in 
- f 

' w at rr 

Barium 

stearate 

Hot normal barium liy- 
droxid stirred into hot 
stearic acid 

tm 

5H7 

23A 

mi H 

jW li i t t 
1 fiakt^ In 
1 "free’' 
1 water 

Lead stear- 
ate 

Litharge stirred into hot 
stearic acid and boiling 
water added 

:m 

730 

! M-H 

i hp 1 

While, hard 
ftak«« in 
*' f r «» « ** 
water 

Mercury 

stearate 

Yellow mercuric oxid stir- 
red into hot stearic acid 
and boiling water added 

38a 

Kdft 

.. 

4h2 

j 133 H 

|W h i t i 
1 llfikeg in 
1 ” 1 r e « *' 

■ water 
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TABI.E V 


Gelation Capacities of Different Palmitates with Water 


Soap. 

How prepared. 

Theoret. 
weight of 
dry soap 
(m. w. 
expressed 
in 

grama) . 

Ob- 
served 
weight of 
soap 

as 

pre- 

pared. 

Absolute 

amount 

of 

gelati(»n 

water. 

Percent 

of 

gelation 

water 

at 

18® C. 

Physical 

state 

at 

18® O. 

mmonium 

jalmitate 

Warm normal ammonium 
hydroxid stirred into 
warm palmitic acid 

273 

1273 

KKK) 

Over 

366 . 3 

Holid white 
gel 

)ta88ium 

)almitate 

Hot normal potassium hy- 
droxid stirred into hot 
palmitic acid 

204 

1294 

1000 

Over 
340. 1 

Plastic 
white gel 

dium pal- 
nitate 

Hot normal sodium hy- 
droxid stirred into hot 
palmitic acid 

278 

1278 

• KKK) 

( )ver 
369.6 

Holid white 
gel 

agnesium 

>almitate 

Magnesium oxid stirred 
into hot palmitic acid 
and hot water added 

267 

440 

173 

64.8 

Rather 
brittle 
mass; 
plastic at 
higher 
tempera- 
tures 

•rium pal- 
aitate 

Hot normal barium hy- 
droxid stirred into hot 
palmitic acid 

324 

670 

346 

106. B 

Dry, flaky 
ntassm 

ad palmi- 
ate 

lAtharge stirred into hot 
palmitic acid and hot 
water added 

368 

390 

32 

8.9 

Khiny, hard 
flakes; 
plastic at 
higher 
tempera- 
tures 


28 


SOAPS AND PHOTICINS 


TABI.E VI 

Gelation Capaoitibh op Dippkkknt Laphatkm with Watf.h 


Soap. 

How prepared. 

Thcx>ret , 
weight of 
dry soap 
(ui. w. 
expreswHi 

in 

gramsl, 

1 Ul- 

mtvmI 
weight of 
»oap 

iia 

pri- 

pared 

; Alwdtif r 
tunttunf 
id 

grlatjoii 

watrr. i 

i 

; iVirmf 

grlafou* 

walrf 

iif 

i IH" r 

i PhvisirttI 

I »l»tP 

1 ». 

! IS - r 

Ammonium 

laurate 

Warm normal ammonium 
hydroxides pour<‘<l info 
molted laurir acid 

217 

; 1217 

i ^ ' 

1IMH» 

lOP H 

a! t ’ 

f ttobsl gr| 

Ml H‘- r 

Potassium 

laurato 

Hot normal potansium hy- 
droxi<l iM>urod into hot 
laurio arid 

'j:tH ’ 

■ i2aH 

1 

!«HMI ’ 

« »vrt 

42«» ! 
at t ’ 

malr-f, 

at M" < * 

Sodium lau- 
rate 

Hot normal wxlium hy- 
droxid poured into h(»l 
laurio acid 

j 

1222 


t Hrr 

4 Mi 4 

HmIj*} ^bjtr 
gri 

Magnesium 

laurate 

Magnesium oxid »tirre<l 
into hot laurie acid and 
hot water added 

211 1 



17«» 1 

' H' lot f flaky 
iwitirlrm 

Barium lau- 
rate 

Hot normal barium hy- 
droxid iwurod into hot 
laurio acid 

2nH ‘ 

f»10 

242 


\\ I'olr «lry 

Lead laurate 

Litharge stirred into h(»t 
laurie aoid and hot water 
added 

aoa 

425 

! 

122 

Itl 2 

' white 

1 m a P K ; 
plftistir at 
Jm g li e r 
Irntprfa- 
fUfC* 


THE COLLOID-CHEMISTRY OF SOAPS 


29 


TABLE VII 

Gelation Capacities per Gram of Sodium Soaps of the Acetic Series 
WITH Water at 18° C. 

Values in parentheses indicate percent of soap in the gel. 


Sodium formate 

0 


Sodium acetate 

0 


Sodium propionate 

0 


Sodium butyrate 

0 


Sodium valerate 

0 


Sodium caproate 

(?) 


Sodium caprylate 

1 

cc. (60.00) 

Sodium caprate 

2.5 

" (28.57) 

Sodium laurate 

18 

“ (5 . 26) 

Sodium myristate 

: 48 

(2.04) 

Sodium palmitate 

72 

“ (1.37) 

Sodium margarate 

80 

“ (1.23) 

Sodium stearate 

88 

“ (1.12) 

Sodium arachidate 

111 

“ (0.89) 


TABLE VIII 

Gelation Capacities per Gram of Sodium Soaps of the Oleic Series 
WITH Water at 18° C. 

Values in parentheses indicate percent of soap in the colloid system. 


Sodium erucate . 
Sodium oleate . . 
Sodium elaidate 


60.00 (1.64) 

Solid white gel 

3.28 (23.36) 

Highly viscid, yellow liquid 

30.00 (3.23) 

Solid white gel 


TABLE IX 

jrELATION CAPACITY PER GrAM OF A SoDIUM SoAP OF THE LiNOLIC SeRIBS 
WITH Water at 18° C. 

Value in parenthesis indicates percent of soap in the colloid system. 


3odium hnolate 


3.31 (23.20) 


Highly viscid, yellowish -brown liquid 
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in 


THE SYSTEM SOAP., ALCOHOL 


1. Introduction 

It is the purpose of this seel.ion to kikt* uj) flu' mutter of tlie 
production of various lyophilic; colloid soap sysfems from materials 
in which water is practically or (mtirely absent . 'I’he fad s learned 
under this heading will then sca-vc;, with the exjK'riments desc-rilwd 
earlier ^ on soap/water systems, for a geiua-al tlastry of t he lyophilic 
colloid state.^ 

Of the many different “ solvents ” which will in this fashion 
yield beautiful lyophilic colloid syslems with various soaps, we 
shall first take up the various alcohols, for not only do uli’ohois 
(like glycerin) frequently appear in th<‘ pro<-ess('s of s<inp manu- 
facture, but this or some oUkt alcohol is commonly adde<l to 
soaps from without to make them “ transpanuit 


2. Experiments with Monatomic Alcohols 


a. Monatomic Alcohoh of the (renoml ( 'ompoHition < 'JI ><, • lOll. 

1. A first set of experiments consisted in the (hdermiiiution of 
the gelation capacities of various sodium smips of the fatly acids of 
the acetic series in the presence of absolute ethyl alcohol. For this 
purpose we proceeded jis in tlu! (ixpciriments on the gelation 
capacities of these soaps when water was the “solvent.” 'I’he 
soaps were made by adding to unit molar w'eights of tin* various 
fatty acids the necessary chemical equivahmts of half normal 
sodium hydroxid in absolute alcohol. Tlu^ mixtures were kept 
in a water bath set at 75° C., and enough absolute ethyl alcohol 
was then added to each until on cooling tlu; soarHileolail mixture 
to 18° C. a.“ dry ” gel was no longer obbiined. In other words, 
if the soap/alcohol system remained liriuid or showed “ synen'sis " 
It was held that its gelation limit had bc-en (‘xceedt'd. 'liie results 


H. Fik(’hkii and Makian Himikee: 


^ See page 9; also Martin 
Chem. Engineer, 27, 155 (1919). 

ScJncr4rT43 »'>..Kr.R: 

»:5cience, 451, (1918), Chem. Engineer, 27, 18 H ( 1919 ). 
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(which are readily reproducible) in the case of an actual experi- 
ment, are shown in Figs. 14 and 15 and in Table X. The 
findings detailed in Table X are shown graphically in Fig. 16. 

A sodium oleate-ethyl alcohol gel prepared under identical 
conditions is pictured in Fig. 17. 

It is again of interest to note in connection with these experi- 
ments in which ethyl alcohol is used that, with the exception of 
margaric acid (about which there is still a debate as to whether 
or not it is more than a eutectic mixture of palmitic and stearic 
acids) all the soaps which show distinctly lyophilic properties 
are those of acids which have an even number of carbon atoms in 
the empiric formula. This fact was formerly emphasized in the 
case of these soaps, when water was the solvent ” concerned. 

The tendency to yield colloid gels diminishes not only quanti- 
tatively but also qualitatively, as we descend the fatty acid series 
from sodium arachidate to sodium acetate. The ethyl alcohol 
gel of sodium acetate tends to crystallize out within a few days 
after its formation. The butyrate gel (see Fig. 14) may go partly 
to pieces in the course of weeks, unless carefully protected from 
temperature changes, but the caproate yields a lasting colloid. 
These lowermost members of the soap series with an even number 
of carbon atoms, however, show a clean-cut tendency to gel 
formation not at all apparent with the formate, propionate and 
valerate. In the case of the last named substances, repeated 
trials under the conditions of our experiments yielded only thick 
crystalline precipitates. 

It is further to be noted (Fig. 16) that the regular downward 
gradation in gelation capacity is interrupted in the series between 
capric and caprylic acids. This point marks the transition from 
the fatty acids solid at ordinary temperatures, to those which 
are Hquid. 

2. It was our next problem to discover what was the gelation 
capacity of some picked soaps in different alcohols. We used for 
this purpose several sodium soaps of the acetic acid series, three 
sodium soaps of the oleic series and one sodium soap of the linolic 
series.^ The erucate and linolate were prepared through neu- 

1 The matter of getting absolutely pure fatty acids for such quantitative 
experiments as are here described is not an easy one. We are under great 
obligation to the Department of Organic Manufactures of the University of 
Illinois for supplying us with splendid examples of the different fatty acids 
used in this study. In another portion of the work we used Kahlbaum’s 
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traUmtion of the necessary molar (Hiuivuhmfs of with staii.i- 
ard aqueous sodium hydroxul and .h-shratcd ov.n- sulpl.un.- u.-ul 

at 37^ C. The remaining HoapB were Himilurly pn^pHnni hut tlne<! 



at 90° C., in a dry air oven, to constant weiglit, ns detenniiunl by 
heating a test fraction to 110° C. 

The gelation capacity per gram of tlie Hodiiiin HC)a|>s of nine 
different fatty acids of the acetic Bcries in nine ciifTerent iiioiui- 

Brand chemicals. The fact that the fatty acids Iwwl diffcririii mnire.m rxnlaiim 
some of the slight variations in the numerical values oldaini^i in different 
series of experiments. It should be noted, however, that the relative values 
obtained were always gotten by using a single specimen . 



THE COLLOID-CHEMISTRY OF SOAPS 


33 




34 


SOAPH AND PHO'rKINS 


tomic alcohols is shown phot.<)p;ra})hic*ally in Fig. 1.^ (.} and B) 
and graphically in Figs. 19, 20, 21, 22, 23, 24, 25 and 20. 'Flu* 
findings are compounded in Fig. 27. In c^acli instnm^e a giviai 
weight of soap had more and mon^ of thc‘ various alrohnls added 
to it while in a warm water or boiling waii*r bath, unfi!, ufMin 
reducing the temperature of the reaction mixture to IH C’., it 
would no longer set into a dry gel Tine actual volumes that it 


yl GELATION CAPACITIES PER MOL 
or DIFFERENT SODIUM SOAPS 

ETHYL-ALCOHOL 
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was found possible to add, whib Htill accomplishing this cn.i arc 
shown in Table XI. 

The tables, figures and graphs show that thv tnutmn/ „f ihr 
various soaps to yield lyophilic colloid systems yrotrs ( 1 j with the 
complexity of the soap in any given smcs and (2) teith the eimiplerih/ 
of the alcohol used in the system. The only exception in ( he ae’etii- 
senes is represented by rnargaric acid, hut this may 1 h> explained 
either by the fact that it is an odd carbon atom acid or that it 
represents a eutectic mixture of stearic and palmitic acids 
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The results in the case of two soaps of the oleic series (sodium 
oleate and sodium erucate) with this series of alcohols are shown 
photographically in the upper two rows of Fig. 28 and graphically 
in Figs. 29 (A) and 30. 

The behavior of sodium elaidate (elaidic acid being an isomer 
of oleic acid) is shown in the lowermost series of bottles of Fig. 28, 
and graphically in Fig. 29 (B). The gelation capacity of this 
soap differs from that of sodium oleate in . that the maximal 
gelation capacity is obtained with an alcohol in the middle of 
the series. In general all the gelation capacities lie below the 
values obtained with sodium oleate. 



Figure 17, 


The experimental results covering these three soaps are given 
in Table XII. It is again apparent in the oleic series that the 
gelation capacity increases with the height of the alcohol in the 
series; while, when the erucate is compared with the oleate, the 
former has a higher gelation capacity with a given alcohol than 
the latter, at least as far as the lowermost members are concerned. 
We were not successful either by direct or indirect means (through 
primary solution in methyl alcohol) to get gelation values in the 
higher alcohols above that for ethyl alcohol. We cannot, how- 
ever, say at this time whether this is a necessarily correct finding, 
for our erucic acid was not absolutely pure. 
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Figuee 28. 
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Figtjre 30. 





If the gelation capacities of sodiuin linc>lat4% WKlitiiii ohmta 
ahd sodiuin stearate in the different alcoholn arc* eoiiipiin*d, read- 
ing horizontally across the table, it will he noted that «Kliui« 
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Unolate shows, on the whole, a lower value than sodium oleate 
and the latter a lower one than sodium stearate. 

It was noted in the making of these solutions of the soap in 
the different alcohols that the soap dissolved first in the lower 
members of the alcohol series and last in the uppermost. Upon 
lowering the temperature the gels formed first in the upper alco- 



Figube 33. 


hols and last in the lowest members of the series. It should be 
noted, too, that the solubility of sodium oleate in methyl alcohol 
is so high that slight variations in temperature are sufficient to 
cause the mixture, in the concentration here used, to pass from 
the opalescent gel to a clear solution, while a lowering of the 
temperature brings it back to the gel state. As we ascend to 
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the higher alcohols such temperature variations must be made 
increasingly larger to accomplish the same result. 

6. Monatomic Alcohols of the General Composition CrMnOH, 
Of the other monatomic alcohols which have been studied, benzyl 
alcohol yields beautiful soap jellies with the anhydrous soaps of 
both the acetic and oleic series, as shown in Figs. 33 and 34, as 
well as Tables XIV and XV which contain the actual experimental 
data. 
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Cinnamyl and allyl alcohols yield no gels with either of these 
two soap series. Sodium linolate yields no gel with ben 25^1 
alcohol nor with cinnamyl or allyl alcohol. 


3. Experiments with Diatomic Alcohols 

The solvation capacity of several sodium soaps in. two di- 
atomic alcohols, namely, trimethyleneglycol (1, 3 propandiol) 



Figtjee 35. 


and ethyleneglycol, was next studied. The results for seven 
sodium soaps of the acetic series and three sodium soaps of 



Figuke 36. 


the oleic series with trimethyleneglycol are shown in Figs. 
35 and 36, and Tables XVI and XVII, which contain the ex- 
perimental data. There is an obvious and large increase in 
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gelation capacity as we ascend tlio acetic series. Rodiiini oleate 
lies far ladow WKiiurn stcmrak^ in its gelation capacity, while 
sodium linolate was found to yield no gel at all. Both Table 
XVII and Fig. 3(1 show that scKlium erucate and sodium 
elaldate (tlie isomer of the* oh^ate) have a hwer gelation c^apacity 
in trimethylem^glycol than has Hcwhum oleate, Init, as noUnl 
alK)ve, we werc^ not completely satisfiiHl with the purity of our 
erueic axad. 



Fiucks S7. 


The results of some eKjwTiments with (dhyhuieglyeol and some 
soaps of the acetic and cdeic Hi»rieH ari^ sliown in Figs. «i7 ami 3H. 
The actual exjH*rimefital findings are again eontaiiuHl in lVhh*s 
XVI and XVII. As appanuit from the figur(*H and the tables, 



Pjoceb M . 


only the higher members in each of the soap series will yield gels 
with ethyleneglycail, the lower memlMm yielding only true solu- 
tions or crystalline de|K>sits in the cckiIcmI wmctioii mixtures. 
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4. Experiments with Triatomic Alcohols (Glycerin) 

The solvation capacities of four sodium soaps of the acetic 
series and three sodium soaps of tine oleic s<'rii‘s wiih glycerin are 
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illustrated in Figs. 39 and 40 and Tables .Will and XIX. N«»t 
only does the oleic series stand below tla^ acet ic, but in both stories 
the gelation capacity falls rapidly from th<* high values obtainetl 
with the upper series to the low values in the eases of the lower. 



Fig. 41 illustrates the system sodium linolate, with a diatomic 
or a triatomic alcohol. When thest; mixtures are lu-atai to the 
temperature of a boiUng water bath, “ solution ” occurs, l>ut on 
cooling the mixtures to 18° C. no gelation follows, despite tlmir 
high soap content (33.3 percent). We shall retuni later to 







THK (^OLIiniMlHEMIBTRY OF SOAPS 


53 


the In^ariiig thin phe^nomeium on the general theory of 
gelation. 

Fig. 42 Hhowrt thc^ reault of diHsolving 1 gram of sodium stearate 
or sodium oleatt* in 5(> (*<». of allyl al(U)hol at the temperature of 



Fiauai 41, 

boiling water and then ccnding to 18® C. At the higher tempera- 
ture the soii|> ilisHolven tf) form a “ true solution as the temp- 
eniture falls, tin? Hoii|) beeornes inaoIul)le, but instead of forming 



Fioube 42. 


a gel it drops out as a crystalline mass. These experiments suffice 
to show that not every m>ap solvent will yield a colloid system 
with a given soap. Wa shall use these facts later for their bear- 
ing u|>on the gentiml theory of colloids. 
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TAHLK X 

Gelation CAPA('iTrKH of DiFFKJiFNT Soon \i So ifh 
WITH IOthvl Aloohol 


Soap, 


How prepart’d. 


Sodium 
arachidate 


Sodium 

stearate 


Sodium 

margarato 


Arachidie acid di«8oivtK] in warm 
absolute alcohol and | uormid 
NaUlI added to it 


ThiMircl Al^olnfr 
Aiughf «dj sumninl 


tfry woipj cfh>l 


On 
cs{|i} i’wmI 


Sodium 

palmitato 


Sodium 

myristate 


Sodium 

laurate 


Sodium 

oaprate 


Sodium 

caprylate 


Sodium 

caproate 


Sodium 

valerate 


Margaric acid diaMoIvctl in warm 
absolute alcohol and | nottmd 
NaOH adtletl to it 


Palmitic acid diMHolvetl in warm 
absolute alcohol and | normal 
NaOlI added to it i 


Myristio acid dlaaolvecl in warm; 
absolute alcohol ami | normal 
NaOH added to it 


Laurie acid dinstrlved in warm ah 
solute alcohol and | normal! 
NaOH added to it 


Capric acid dinoolvtai in warm 
absolute alcohol and i ntninalj 
NaOH added to it 


Caprylic acid disstdvetl in warm 
absolute alcohol and ^ normal 
NaOH added to it 


'Caproic acid diasolvetl in wanrti 
absolute alcohol and | normal 
NaOH added to it 


Valeric acid dissolver! in warm 
absolute alcohol and | normal! 
J NaOH added to it 


I 


a.'i'i 


idrut.Ml 
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IV* rr J»f 

alrn|»«4 
»t i^- r 


lin »ir»| 
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I ‘I" r 


Stearic acid dissolvcil in warm ah | 
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NaOH ttddcil to it ! 




IIH 


I ( lb 


LiH 


|:i 




Sodium 

butyrate 


jButyric acid dissolved in warm* 1 10 
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NaOH added to it 
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TABI.K X 
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Sodium linolate 
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TABLE XIV 

Gelation Capacities in cc. per Gram of Various Sodium S 
OF THE Acetic Series with Benzyl Alcohol at 18° C. 


Values in parentheses indicate percent of soap in the gel. 


Soap. 

Benzyl. 

Sodium stearate 

110 (0.90) 

Sodium palmitate 

90 (1.09) 

Sodium myristate 

82^ (1.19) 

Sodium laurate 

75 (1.31) 

Sodium caprate 

67J (1.46) 

Sodium caprylate 

60 (1.64) 

Sodium caproate 

40 (2 . 44) 


TABLE XV 

Gelation Capacities in cc. per Gram op Various Sodium S 
OF THE Oleic Series with Benzyl Alcohol at 18° C. 


Values in parentheses indicate percent of soap in the gel. 


Soap. 

Benzyl. 

crucflte • - ........... 

30 (3.23) 

50 (1.96) 

20 (4.76) 

ol08.t^ --- 

^Ifll li b - 



TABLE XVI 

Gelation Capacities in cc. per Gram of Various Sodium .S 
the Acetic Series with Different Diatomic Alcohols at 1 


Values in parentheses indicate percent of soap in the gei. 


Soap. 

Ethylene- 

glycol. 

Trimethylene- 

glycol. 

Sodium stearate. 

80 (1.23) 

250 (0.39) 

Sodium palmitate 

40 (2.44) 

120 (0.83) 

Sodium myristate 

10 (9.09) 

80 (1.23) 

Sodium laurate ' 


40 (2.44) 

25 (3.84) 

15 (6.25) 

Sodiutn’ caprate 


Sodium caprylate 


Sodium caproate 


10 (9.09) 
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TABLE XVII 

rELATION CAPACITIES IN CC. PER GrAM OF VARIOUS SODIUM SoAPS OP 

THE Oleic Series with Different Diatomic Alcohols at 18° C. 


Values in parentheses indicate percent of soap in the gel. 


Soap. 

Ethylene- 

glycol. 

Trimethylene- 

glycol. 

Sodium erucate 

Sodium oleate 

Sodium elaidate 

30 (3.23) 

30 (3.23) 

60 (1.64) 

15 (6.25) 


. TABLE XVIII 

Gelation Capacities in cc. per Gram of Various Sodium Soaps 
OF THE Acetic Series with a Triatomic Alcohol at 18° C. 

Values in parentheses indicate percent of soap in the gel. 


Soap. 

Glycerin. 


150 (0.66) 

50 (1 . 96) 

15 (6.25) 

8 (11.11) 

Sodiuni 

myristate 

Sodium liLurfiito 



TABLE XIX 

Gelation Capacities in cc. per Gram of Various Sodium Soaps of the 
Oleic Series with a Triatomic Alcohol at 18° C. 


Values in parentheses indicate percent of soap in the gel. 


Soap. 

Glycerin. 


30 (3.23) 

20 (4.76) 

18 (5.26) 

OOU.iUXXl vX 


OOQJUIll 
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IV 

THE SYSTEM SOAP/X. COLLOID SOAPS IN OTHER 
NON-AQDEOUS “SOLVENTS” 

It is of importance for the theory of the lyophilic soap colloids 
in particular, and of lyophilic colloids in general, to see how much 



Figure 43. 


further the composition of these systems may be broadened and 
still yield the definitely colloid systems under discussion. The 
soaps form admirable materials for such a study, for, as already 
observed, they yield colloid systems not only with water and the 
various monatomic, diatomic and triatomic alcohols but also 
with many other liquid “ solvents.” 

Some colloid systems of the general composition soap/x are 
illustrated in Fig. 43. Here sodium stearate and sodium oleate 
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are neen to gels with turinniiiia*, gasoline, benzene, toluene, 
ehlomfonn and eiirhon tc^traehlorid. Tlie list of “solvents’' 
which 3dc‘ld sueli results can he further lengthened as shown in 
Figs. 44, 45 and 4() by obs(a*ving that ortho- and para- 

xylene, ditdhyl and Inityl ethcTs, bc*nzald(‘hyd and paraldehyd, 
turp(‘ntin<% linioiaaic', pinene, gast^line, hc*ptane, ethyl mum- 
thate, amyl a(s*tate and iriacMdin all yi(4d satisfactory reBults. 
The experimentad dtdails cwering Fig. 45 are (’ont.ained in Table 
XX; those c*ovc‘ring Figs. 44, 45 aial 4t) in Table XXL It 



Fiuurk 44. 


should be noted that the gelation capatdiieH of Table XX are 
tlie maxiniiil va!ui»s; in Uie r(*st of the m^ries we contcnbsi our- 
Helv<!S with tin* mere* finding that lyopliilie colloid Hysterns couki 
Im! pnaluct^d from the s<»apH anti ** solvents ” chosen for study. 

The«^ findings indicide that a large* variety of different sol- 
vents ” may all yiehl lycj.philic eoHoid systems, even though there 
is little chemieid relaticmship lH*twwn the memlwrs of the various 
gmups studied. What this means for the general theory of the 
lyopliilie colloid skikt is now to be discussed. 
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TAliU: XX 

GELATIOX ("’Ar^f^TlKH IN Vi\ i*KH (iltAia or Vaiuoiih Hodhim Hoafb 
WITH I'hrrrHHNT NtiN-Aqrr.otfH Holvenw at 1H“ iX 

\'ahim I!* ituffriilhr****® iiHlirjiir i*f wta|» in thf grl 
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1 ! 

C 'ftrlMifi 

1 - 

T«»liirn** ;f *h|tir«4«ain ; 

tolrtflilorki. 

SiKiiuni ^ •* * ** 

n (1 ill :ii :i « ril ill 

i i (lli.m 

8t«iHim «!«««' i H '* *» *••*» ** 

i i 1 

:t «i ill ^ 4 fi ril Hi' 

S.O (III 7) 


TAIil.i: XXI 

CiKi.ATHiN C'Af*AriTii:M iNirr Maximai,) in iT. riJit CtiiAM iW Sodium 
ST i;Ai4ATf; WITH lErmiTNT NiiN-Ayuroim Htn.VKNTH at IS® C. 

»n |«»*r‘nf JWiHruIr *4 jwmp in llir* gi'fl 



1 0 12*1 *H 

*0- nylrlir 
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«f flir uNilH ■'5w»iMlniHy " «»f «iw s«»*i|w in ihrm* i«4vriii» if the of 

a iMaIttia witrr tlii» m^m inr»ra«r%4 ihfoimh wlriifMiti <4 » viiHimii 

of Itiriliyl »liirli ifmi eomfilolrir o¥»siiiral«l frofti llw iiitxliirf Wore Ilia 

iy*t#iii ww fxioiwi to 11 ^ C. 
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V 


ON THE GENERAL THEORY OF THE LYOPHILIC COLLOIDS 


1. Historical and Critical Remarks 

The experiments detailwl alxjvc kii wmp watiT, wtnp alrohul 
and soap/a: systems help, we think, tnwanls ii Ih-IIit mn lei hI null- 
ing of a number of technological, physiciwhemicnl and tnulitgienl 
problems. We wish lirst to eoniiiienl iiikhi iheir value fur u 
closer definition of the Utihs hy<ln>iihilir nr /j/o/i/u/ic ndlmii} In 
spite of the fact that we now recogni/.e the exi.Htenee uf maiiuial 
in the colloid state and utilize its many imimrlant (uniMutie'. 
for the .solution of technological or scieiililie phenMioena. if in 
nevertheless true that an entirely salisfaetury or eimiplefr defini- 
tion of what constitutes the colloiii slat.e is not yet at hand. 

Perhaps the best estaiilished and nawt universal character- 
ization of the colloids is t.hat wliicli defines them as diphasic or 
polyphasic systems in which on»‘ material is suhdivided into a 
second with the degrtH! of subdivision coarser than molecular 
and not so coarse as to fall within the limits of m»-niseopie visi- 
bility. From the three states of matti'r. Ka.siH.us. liquid and 
solid, it is obvious, as first clearly develo|M-d by W'ui.mKHu 
0 stwald ,2 that nine combinations consisting of the colloid dis- 
persion of any one of these materials in any weond are jMtssible. 
These may be tabulated as follows: 


gas in gas liquid in gm Mmml 0»h4 m imuuhv\ 

gas in liquid (charged 
water) 

gas in solid (mcerachaurn) 


liquid in liquid (fine itmul- mdid m immlmlhr g,$l4 ift 

liquid in solid for*all mdid ^uh4 


Of the nine possible combinations eight have Issm reulijwd tthe 
colloid dispersion of one gas in a second Is-ing imisissiblei. 


I'hiA r Himiksii: 4N. t t.'t (HUS); 

ibid., 49, 615 (1919); Chem. Kngmwr, 27, 1H«I fllllfli 

1. 2ttl,:i:tl (UHtTu Tll.M,r..t.ettl 

YoA ” F.s, ,o,„, .fi. N..W 

xork (1917), Handbook of CoHokl C^hi^niislrv t 

by Martin H. Fischer, 43, 49, PhiladelfS?lblt? 
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Of tlum* flit* hiwh uf inti^rent in con- 

iiiHitoii %%'itli tli«* l«*!iiiviiir isf tin* iiri» thoH,* <nahranM.l witliin 

thi* lii*iivy hiat’li M|iiiiri% in tittn^r wunln. thonn which have* the 
tiiiii|Mii*tti«iii Mt|iiii| Iif|iiiit nr Iii|uii| plun wjIuL Armrding 

In Ohtwai.p, the fnriiaa' are the euiulHinn (^nllnhin, the latter the 
riillniib; nr, In !hi» terininolngy uf P. P, von 

Iliey art* tin* lual fhi* HUH|MaiHoi(l8. 

The hm tw^iai iiiinie tn enrrelate the physical profMadies 

Ilf riicti fif tlie«* with tin* fact t4iat the t-wo phancH him% 

ill Ifir* first iiistfiiice. ii laptiil phin litjtiid compoHition, or, in the 
w*cfiiith a li«|ui*t |il«s In the groiif) of tlie 

first, lire fiiiiitil iiiiiiiy t*f the " viHcniis, gelntini^aiip; and not readily 
riiiigiiliilile " " colloid HiiliifionH ” of A. A. NuvKHd or the hydro- 
philic tir lyiifiliilic colloids of J. Pfiuun and H. FEKt^NOLicnj; ** 
ill the itre the fion»vtseotii4, iion-icelatinisdiiK, reaiiily 

riiiigiiliihlt* " ** colloid ” of Noykh or the hydruphohie 

or lyoptiohic colloid.^ of |T:ai$i\ niitl FuKO.\'OLn*ii. 'Fhe cor- 
ndiiiitai Iht* physirn! state of the phai^*H and tlie prop- 

erliestrf till* iiii\ed nynfvtuh is oot enough, htnvever, to c*Imracterixe 
them completely. liifiiid miactiry in water for example yic^ldn 
only II colloid, ainl the same is true of Clicjiiid) oil in 

water; on the ntlier liiiiid, im»\uU ferric Itytlnixid. generally ranked 
iiirioiig lilt'* colloids, has distinctly hydrophilic pnijH*!- 

ties ill high riiticeiitriition in 

Hiicli iYeiikiieii.w*s III the iiltemptM to make th(* ItTin lyophilic 
cfillfiiil syiififiyiii*»iis with eiiiiilsinn colloid and lyopliohic colloid 
mitli sii»|»»fisiofi ctilif»id were re-cognijual by WtmriUNt# Dhtwald^ 
tiiiiiiflf, itiiil ill ritrise<|iif*iit*e the effort tvaa iniwie hy him to 
fwercfiiiie such nlijf^rtioii hy declitriiig the lyo|>hilic colloiila 
“ ritlltiifls Ilf II liiglier order/' H|aa:nfically he aHsumed that 
eiiitiWnii I’fiilnifls wwr mil ** inerely siihdivWonH of one licpiid 
in II m^ffifid, htil tliiii f*iicli of the liquid W’aa itw»lf a di«- 

|M*wiid. We sliiill mn* tliiil this vti^w" in correct. 

It. mmm to iis thiil Iht thumrirfiMie tUffmmw Iniurm lipphilk 
itmi liiitphiine emllimlM $n mi in la* Mmighi in their liquid plun liquid 
cr liquid plisM Midiil rfiurmirr inti in the fuH (hni the phmen are cither 

Mii¥K.«: Jriiir Ant tdiPin |4iic , t7, Hfi tlltOfi), 

* J Jfitiriiiii fir Cliiffiir I, ai UfMIfd, 

»ll , S, imm); Kiipillti.rchcmk% :i09, 

* WfirriiAMtt f Kiiliwitl-^dticbr., II, 230 (11112). 
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mutually soluble or not. (Li(iui<l) Wiifcr aiul tli.iui.l) oil ,\i,.l,i 
only lyophobic colloids (susjx'iisioii colloids in llic oh! Jcr- 
minology) because the two phases are nmttially insoluble. bu( 
(liquid) water and soap (whetlwr liquid or so!i«!i _\ii-hl Iviiphilic 
colloids (emulsion colloids in the old U'nninologyt iM-c.-iuse their 
mutual solubility is high. 

The importance of mutual solubility for the undeistutuling 
of some of the phenomena characteristic of colloiiis was drawn 
upon some years ago by W. B. Hahdv.' H.^itnv usi‘d the I’oncept 
of mutual solution to explain the physical piienonn-na l•n<•ollnte^•d 
in the gelation of protein-wal.er-salt mixtures, but owing to the 
objection that the phases di<l not shtnv the eonst.niit chemical 
composition demanded by tlusiry, this inqKirbint iilea .seems to 
have been largely <iropped. For reasons which Is'cmne apitarenl 
as we proceed, this objection is not valid, and it seimis jsissible 
to make a fairly inclusive analysis of what we mean Ity hy dne 
philic colloids and the changes in their sbitcs, jis wHiit as tve add 
to the concepts of mutual disiMTsion in degns-.s coarser than 
molecular and mutual solubility of the phases a third imjMutant 
point, namely, that of the enormous increase in visiaisiiy obwrved 
whenever two licpiids or a li(iuid and a solid, themsjdves (stsM-Nwd 
of low viscosity, are subdivhhsl into each other. 

To make the last of th<‘s<^ jxiints ch-ar, it is only necessarv 
to introduce the example of VVonKOA.M! ( ts'rw.xi.n. of w.aier and 
dry sand, and the observations of .}. FKiKm,.\\nKH and V. Uorii- 
MUND on the viscosity of mutually solulde liquids in the zone 
of their critical temperature. While dry sjind *’ nms ■' easily 
and the viscosity of pun^ wate>r is relatively low, wet. .sand may 
be readily molded and hold its shajs-. 'I’lie example of the miilij- 
ally soluble system phenol, water (which is considered particularly 
apt in the matter of und<‘rstanding tlm colloid Indiuvior of soap, 
water systems) is shown in Fig. *17. 'I'he Isiftle on the extrenn- 
left contains only phenol (which at IK" {’. is a <Tystaltine mass 
like any “pure” soap at a pnijn'r temisTature). 'The .Huc<-eed- 
ing bottles contain the same weight of {)henol, jdus gradually 
increasing amounts of water. As mon- and more water is added 
the phenol fails to crystallize; up to and including the sixth Isdtle 
from the left, only “ solutions " ar<^ obtained, but fhes<* are solu- 

aa l-W (IKWt): Zeitsehr f physik Chen. , 
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tions of water in phenol. The 8ev<^nth bottle shown twc» luyiTS - 
below, one of phenol saturated with wab^r; above, a solutitai of 
phenol in water. With further addithais of water the lafler ty|M‘ 
of solution grows at the expense of tin* Umnvi\ until finally, in 
the bottle second from the extreim^ right of the «‘ries nut hing 
but a solution of phenol in water rcanainsd 

Of importance for our further discaission is, first, the existenee 
of the two types of solutionj that of waterdn-plienol and that tif 
phenol-in-water. The physical (tonstants of tlu^se two wjIutioiiH 
are totally different and they b(‘hav(» dilTcuxuttly. t<Mi, toward 
changes in external conditions lik(^ baniH»nitun» or the efTerfs 
of added substances (acids, bastes, salts, itidit’afors, etc.). A 
second point of importance is the behavior of such a syslefn ns 
is represented in the fourth or fifth botth* frtJtu tin* right when 
subjected to increas(^s or decr(‘aH(‘s in tem|H*rHture. Whim the 
temperature is raised the watc^nsl-phcmol plum* giM*s over and into 
solution in the phenolattal-water phnstx It is chnraef4*ristie of 
liquids, when their knnperature is b<nng lowereib show a pro- 
gressive increase in viscosity. Th(» wanned solutimi of phimob 
in-water also shows such a progr<‘SHiv(* increase* in visc*uhity as 
its temperature is lowered, but, as first noted by Fhikolwokh 
and Rothmund, this progressive incn^ast* shows a sharp br<*ak 
upon reaching the critical tenqH‘raturt% at w’hich the phenol 
begins to separates out. 

This break expresses its<‘lf as a sharp risr in viset^sily, which 
increases for a time and tlum falls ofT again, nn that with further 
lowering of temperature a viscosity eurv^c* rnon* like the origiiiiil 
'' normal ” is again obtained. 

We are indebted to Wolfuano Ohtw^ald for |Kaiiting out 
that, in this critical zone during whieli the pheia^ wafer system 
is opalescent, we arc in reality dealing with a colhad system if*on- 
sisting of watered-phenol dispemed in |>h(molat 4 Hbw»ater|. 


^ In analogy to what happens in the ” of mmim, which i?i ih«* 

subject of Section X (pagti 93), it is well to explain the the een- 

tents of this right-hand bottle in the m^ries, I'his was originullv nothing hut 
a solution of phenol in water, but through the addition of ordinarv huH 
the phenol was saltod out'' so that now a phenol p!ia«i* wilti minm wfUcr 
dissolved m It (analogous to the saltmknit soap of the iiiiinufucturerl w aiuui 
floating at the surface of the liquid in the Iwttle. 
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2. On the Theory of Sotp Gels 

li is iiur purirnsr umt io »hmv that thr h'lmvinr uf ikt mMip/wairr, 
(iitdml iimi amp x mjHirfm prrvwusiij disernsni m aim* brnt 
umtirsiMMi m ihr irrms n/ thr suhinairnilur diHprfHitm initt rath 
dhi*r «/ ptmm-MMni ttf #i fair thyrtr of muimi saluhilitud 

*»ni* jil4it4* ill thi* trriiiH whnt if. 

IS tfiiit 1 iii|i|m»iih whi’ii II of nimp witli Home Hulvinit 

{like wimfi hii«I wjitrrK wliieli nt the t4‘iii|MTitttire of Iniiliiip; wiiter 
in II in iiitoiiHry, iiuihh itn itn temp- 

eriiliire m reiliienl, it i*it.NieHt to thmk of fhi» whole m ii 

fliiiiigt* from whiit in, iit the li$j|h«*r ti‘iii|MTOturi% OKwiitiiilly ii 
Holiilioii of Hi miirr la thii! whirh in, ft! the lower timiperiiture, 

II Hiihilioii Ilf imirt III mmp, BetWH»j| l-lteHe ex!TeiSit*H iintl an 

tleleniiiiieil hy the lem|»i»riittire aint hy the relative eomamtra- 
tioiiH of miiifi iifiii of Wilier, W"e get viiriooH mi^ctiireH of Holvat 4 HE 
wiiifi ill miii|ewiili^r or of mai| ewe’ll ier m Holvitfe«|-Hoap. The Hitua- 
tioii ill the vi%m* of the hoiiiih in the preHeliee of limited voInmeH of 
water in idimiinih in other word.H, wiili the ehangeH whieh may 
In* in iiiiitiiiilly t^duhle HynleniH of the ty|H* phenol water, 
ether wiiter or protein water nn studied l»y J. Fiukolanokh, 
V. |{oTiiMe?iii», W. It. HAiior and tlieir viirioiiH followiTH. 

l\iriiiiig firiit to n Hiiidy of the mrchumsm einploytH.! for the 
pnalnrlioii of itieH«* enlioii! m.mp HynieiiiH, ii in evident Hint they 
are foriiii*«l f«tr the iiiont purl hy '* dinpolving *’ a unit. w*eiglit of 
i«iiip in II definite volintie of wafer at ii riiflier high t.em|M*rature. 
lit the iirre|ili»il |iiirliii4ri% it limy miid iliiit flirotigli inertniw* in 
the wiltiliiliiy of the i^iap in tin* wiit<*r in Irenieie 
iliiiiHly ifirreiiml. Wliili* the |ow‘er M«ipn of the iieetii* iiei«l Hi*rieH 
iiri* miilily miliihle in water leveii iil reliiti%*i*ly low* teiti|a*riittirf»Hl, 
tiii* ii|i|i«*r iiieiiiiK^rs tn’tiiive like the lower tmmiln^rn if tin* 
tiire i« The tnlo milutioii iii the water, Ha* 

triiili of Itiin iinm^rlioii m indiriitiNl hy the itviiiiiihli* pIiyHieo- 

^ tVe irit ii»it iiiiaw‘itrf? that lit# wiaaspt ** itju'lf to In* cleftriiHi 

Wliili* llie firld Iff i*sai«titiit«4 grfitiricj, wp iirrept, for 

pragiiiMfir m rlmriieteriiitir of the miliitkiii, the tearfiiiipi of 

anil I* F Wkimaiim. who utirli »tliilkiiw mn 

iip|Nwif»iw «if A ill If with the ilianw of i«alHh%a«iofi iiieiiMirahle in iiiolenilar 
tir waiiler Tti m^mmi flw* matter m the lerriin of A. P. MATiiim'H, 

w»* iiiitv fliiit I t» #hiiiw,ih’i«| III H or vire verm wln*ii I Ilf* piilvriit liiw «»vi*r- 

OMiir till’ forre# of ihe milwl4tiir« An liii« 

Aowii, fill* Itirrrfi Ilf rolien^ai iifiemle within ttwleriilaf 
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chemical observa- 
tions which show 
that the lower soaps 
behave '' normally '' 
even at relatively 
low temperatures; 
but all the soaps, 
even the higher ones, 
tend to behave os- 
motically, electric- 
ally, optically, etc., 
as so-called true '' 
solutions when their 
temperature is suffi- 
ciently raised 
(Krafft). 

To illustrate the 
matter in crude 
fashion and more 
particularly for any 
of the higher soaps 
(which experiment 
has shown to be 
particularly favor- 
able for the produc- 
tion of colloids ”) 
and to illustrate the 
effects of a lowering 
of temperature, Figs. 
48 and 49 are intro- 
duced. Fig. 48 shows 
the results if the 
separating phase has 
a liquid character; 
Fig. 49, if it is solid 
or crystalline. The 
diagrams are sup- 
posed to show the 
results when two 
mutually soluble 


SOAP IN WATER 



WATER IN SOAP 

Fiatmi! 48. 
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HuhKtaticoK, lilce A 
m<l It, (water and 
'‘“lip, nr alcohol arid 
«<»RJ>} ar« mixed to- 
Kcther. When B (or 
tin* Hoap) IK readily 
wduhle in A mul the 
wmcentration in right- 
ly chosen, thi're results 
a true solution at the 
higher hanix'rature. 
'i'his matter is repre- 
wntixl liy the n‘gion 
inarkwi ,4 in the dia- 
Rriims (the soap is 
disjK'nxsl moleinilarly 
or ionicaily in this 
w>lv«*nt). 'I'he lower- 
limst memlH'rs of the 
fatty achl w^ries form 
aystems <if this tyiM* 
only, even at n'lative- 
ly l«»w tmniHsnitures, 
hut the memlM^rs 
higher in the series 
f«»rm such systems 
only at tlm higher 
temfKiratures. 7' he 
soap manufacturer 
who miUces his prcsl- 
tict hy “ IxMling," 
in esw'nce makes his 
Hoaim in such true 
«)iufion. 

Wliathapjxuis now 
when tlm ttiiiijXTatun! 
i« lowenxl? 'I’he solu- 
bility <tf the s<»ap in 
the wah'r is obvious- 
ly decreiuxxl. As the 
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saturation point is attained, tlic soap particles asMitr- not <tnly 
molecular size but more than molecular size. liefimiion, 

therefore, we approach with falling b>mi>eratun‘ the re;iliii of the 
colloids, or that of dispersions of one material in a second with the 
degree of dispersion showing dinumsiotis greatiT than jiiolis-ular. 
The gradual increase in the sizt; of the soap particles tor iiiiTcaw 
in their number) with low<'ring of the tem|MTafure is reprewnted 
by the regions B, C, 1), K and F in the t wo diagrams. 

Thus far we have explained merely the prisluction of a colloid 
system by the ordinary pmeess of bringing nlsiut svijM-rsattirafion 
and an agglomeration of partich's previously more highly dis- 
persed. It is obvious that such agghancTOtion may yield ••it her 
a lyophobic (or so-called susiMUision colIoi<i) or a lyopliilic tor 
so-called emulsion colloid). The lyopk(tl>ir eolUmi rtHuUs uheti the 
solvent is not soluble in the predpiUttiny phase; the lyttphihr enllaifi 
when the solvent is soluble in the predpitatiny phase. When soap 
falls out of solution from such a solvent as allyl alcohol the former 
of these possil)ilities is realized; when if falls out in wafer, alcolatl, 
toluene, benzene, etc., the latter is natlized. 'I’he black circles in 
the diagram of Fig. 48 or the black crysbil masM's in Fig. -lit 
represent more therefore in the lat.b‘r instance than a mere pre- 
cipitate of pure soap; they are this, plus n certain amount <tf the 
water, alcohol or other “ solvent ’’ disHolve<i in them.* 

At a sufficiently low tem{>eratur(( the soap aggregat'CS will have 
become so large or so numerous as to hmch and conlesc-e. If this 
process continues to a sufficient extent the system will ultimately 
represent, in essence, nothing but s<«ip in whiclj the previcais 
“solvent” has been dissolved. 'I'his situation is representrsl 
diagrammatically by the zone Z of Figs. 48 and 41). 

A study of Figs. 48 and 49 shows, how(!ver, that lietweim the 
upper extreme (A) of a solution of the soap in the soIvtuA ami the 

1 We do not here distinguish between such ‘‘dissolvwl" wafer and water 
of crystallization. Obviously both values are ineludisl, While we have no 
desire to trespass upon the fields of thooretieal cheiriistry we f(<«4 sfrimgly 
compelled to the view that “solution" always means fehoniiral) uniiin Is’twi'en 
solvent and dissolved substance. In the “dilute" solutiims this effect is 
largely lost sight of, however, because of the larp' tiverjilus of the pure 
solvent,” the properties of which then continue to dominate the whole 
system. The union between solvent and any sulwtmire X tiwsl not. more- 
over, be of one kind only. When phenol dissolves in water one tyjs’ of union 
between the two is accomplished; when water dmsolvtw in phenol the combi- 
nation is a totally different one. 
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Fnvrr iZl of ii Holiiticm of the solvent in the soap, there 

exini two iiiaiii of niix«*d Hysteiiis, oni* helow’ the up|K‘r (B, 

(\ /) iiiai eoiiHiHiiiiic of a tiiH|H*rsion of wilvated-soap in tlie 
«ofiiH^4-st*lvent» aii«t a hi*i*oiuI n\mw the lower (}\ A", W ami F) 
eonHintiiig «»f H4»ii|«Ht«.H4iIveiti in the W'»lvat4*«l*“>«)a|'>. Thtme imo 
min'd ^lidrmn urr in ruMrun^ ** tmulmimM (if I'jhaw^s are 

lic|llitil or ** fif at least tine pha.Hi» is solid) hut uf 

apptmiir fOnl os Nurh ieveit wlieii of the saiiie quantitative 

rlieniieiil rt»nst itution I or#* panm^nm^d uf h^ally different phpmeal 
pruprriie^. The forim*r eiirre?^l Hinds, for example, U> an emulsion 
of oil-in-water or a suH|Haision of quart^ftdn-water; the maxind to 
an emulHitin of witii*r-in«4iil or a system of water»in-f|uariz. And 
IIS the forim^r iiis dliist rated liy milk) will mix watli witt4T, wet 
piifs^r and slttov ii ri*rtaiii viseosity value, the hitti'r (as illustrat4*d 
l*y liutti^r) will mix only with oil, wall p;reas4* pa]M*r and show an 
entirely diflereni viseosiiyd 

Heturniiiic to the lytiphilie maqis anti tiie diiigram, it isolivious 
iliiii as we th-seemh with ttiwaaiiig of tem|M»riiturf% frtan the region 
A, w‘e pass, in the regions /I, T ami />, thnaigh inert^iisingly visi’id 
lk|uid eolloid “ «ilutH*ns,*‘ hut all of tht»m emulsions or sustHm- 
sio!is of the ty|S’ Nilvafishsoiip in minissl-wilvent. In the region 
E, the pfirtirles of wilvalis! soap almost toueh. and law the* highest 
{lk|uid) viseosily is oht 4 iine€L In F they do toueh ami now form 
a eoniiiiiitius eiiermii phasi*. At this |Hiint we ehange t4> the 
opiMisiti* ty|M* of emiilskm or susi>i*itskin the previously lk|uk! 
eollfikl ts*e«iiiies solid, or, as we say, il grin. As we shall shem^ 
lfil 4 »r ^ the tw*ii ty|M'*s of system not only have difTereiit physicml 
eiiitsiiinls hill Isdiiive differently lowiird sueh inkitHl iiiaterials as 
itidirfiliirs. 

ill ilib (miaiiivtinii iVUaTm 11. Fw*iiEi aaci Masiax O. flcKiEia 
Scitwe. It, KIH I illlfli, Mxims It FiMma: Fats iital Fiitly ik^pwralbn, 
'jn, New Vi»rk tiltlT* 

77; »!«» NUaria If. FtmiKa: 4i, 615 (1919); 

Ctetii tl* 27.1 Clilih 
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VI 

DEFINITION OF HYSTERESIS, SWELLINQ, LIQUEFACTION, 

GELATION CAPACITY, SOLVATION CAPACITY, SYNERE- 

SIS, SOL 

We should now like U) emphasize how thin eoueept of the 
changes which the soaps suffer in passing from li(|ui<l scds f4i dry 
gels may help to explain a munlH*r of the ntrangtt eharaeter- 
istics of colloid syskans. 

1. A first question under this lieading in t.hat of the nature 
of hysteresiSj more ptirti(nilarly that ohstuwe<i whcun a iaillutd m 
subjected to changes in U‘in|H*ratur<‘. 'Vho iin|M)rtanei* of the 
thermal history of a colloid system is t‘iuiHtaid.ly strc»HHi*4l. It 
is generally true of the lyophiHc eolkncis that wluui suhj<*et4Hl 
to heat manipulation they hual to holt! fast {<> th(‘ clianteteristic'H 
of their previous states. A eolloul <>n fur (example, fimt 

sets at a certain tcmpe^rature; y<‘t the saiiH* <*f)Il(a<l after setling, 
fails on reheating to liciuefy at this t4an|H*ratun‘ it usually 
first melts at a higher one. la fuel it may h(* sahl (|uite 
generally that the curve showing ih(» iiu’naiHa in viseosity of a 
lyophilic colloid with louHTing of ttunperaturi* is raady ichmtieal 
with that portraying the d(H‘r<*as<» in viscxmity whcm the t4*miH*r» 
ature is raised through the same ranges If tlu" fact is reineiabc*red 
that the absolute valm^.s of two mutually sedubki substanc^es are 
rarely the same, and that the raien at wliicdi ihc\y go int4j solution 
in each other are usually different* many of thc^se difficulties 
disappear. Figs. 48 and 49 show diagram matieally not only 
what happens when the tempe^rature of a solution of soap in some 
solvent is lowered but also, in the lowe*r halvi^n of the* pictures, 
the effects of warming a gel Incn^asing tlic! tcunjM^raitire of ilie 
original solvated-soap shown in region Z thc! solubility 

of the soap in the water, and so the; colloid diHpersioti V n‘HultH, 
consisting of soaped-solvent in solvaksl-soap. P'urther iiu^rimae 
in temperature yields the regions X and Wy Init, becauHi* of the 
persistence of the solvated-soap as the ext^rnul phas 4 % all these 
regions continue to show a rigidity or viscosity higher than that 
of systems of the same quantitative comimsition prcxlueed by 



/ 


THE (’OLy niM'HKMIHTRY OF HOAFB 


75 


a lowering of teinperatun^ fmm a higher level The gel first 
shows signs of li(|ut‘fHeti«>a wht^n^ the Hoa|M»cI-Holvent particles 
begin to U)uch and thus U> form the external pham% as in the 
regions V or IL It is for th(*H<* reasons that the regimi of greatest 
ambiguity ami af greateMt hyntereHia in fimmi in the broken middle 
p(rrtmm of the diagram (/>, F and IE, 1% U), Just as long 
peri«)ds of time are reipiircal to mak<» solution plienoinena attain 
their final values, just so must nnit uiilly wduble systeins suhjectiKl 
to changes in their environinent he ex|mct4a! t4) come only slowly 
into a state of their firial <H|uilihrium. 

2. Home years ago we showed, in the mm) of gelatin,^ that 
the ** HWilling of this suhstamec* ami its ligmfacium are not 
identical proceH.Hi*s itml that the latter is not a men! continuation 
of the former. When m’dinary gelatin is thrown into water, 
it swells up H<»mewhat, hut the amount of tins sw<*lling is enor- 
mously increasisl if a little a<*id is ad<i<*d h> the wah^r. If 
faction wen* a mere c»ontimiation <»f this sw^elling, then the addition 
of a little acid to a giditiiii near its gtdation jKuni ought to make 
it set. As a nmiter of fact, not cmly d<H!H this not hap|K»n, hut 
the fuldition of such acid Ut a pn»viously solid gelatin makes it 
li(ju<*fy. As maintained at that time, an inen*aml ** swelling 
wiiH derlar<*d to Is* an inereas(*<l capac’ity for taking up th(! solvent; 
an in<Tt*as<*d temlencw to li(|iiefy, the expn^ssion of an increase! 
in the ck^grtH* of disiMuskm of the colloid material 

The <*on<*ept of the lyophiIi<* c*olloi<i m lH*re develofmd now 
|X!rmiiH us to state meu’e ch*arly just wdiat (*ach of ihesc* views 
embraces. In<*reas<Hl swcdling duct k) iticrc*aH<! in hydration or 
solvation ca|)a<aty means im'n*as<!<l solubility of the solvcmt in 
the dis|H*rs(Hl suhsiance. Wh<m acid is ackknl to gelatin (thus 
forming an a(dd gelatinaiid wat<*r is more miluble in the newly 
foniKMl mat4»rial than in the neutral g<datim Acid is thendore 
said to inertmw* tlie swelling of pndeiii. But an acid proteinate is 
also more soluble in water than is the neutral protein. If the 
concentration of the system is pn>jK!rly chomui, the addition of 
acid will tlit*refore make a gelatin /watc^r system, solid by itself, 
tend to remain ** in solution ’’ or, as mort! generally stated, the 
gelatin fails k) llxpresmHl the other way about, the presence 

* Mahtin II. FiHfiiEB: B<»icncc, 41, 223 (1915); Martin H. Fibchee 

and Marian O. IIookkr: ibid., 46, 189 (1917); Jemr, Am. Cham. Soc., 40, 
272 (1918); ibkl. 40, 292 (1918); ibid., 40, 303 (1918). 
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of acid makes the gelatin “ liquefy” or “ go into solution.” Using 
Mgs. 48 and 49 to illustrate what has been said, tlu* addition of 
acid to a previously solid gelatin moves the whole system fronj 
some such lower region as Z, F, X, or F into one of the upper 
zones like Y or 17. 

.3. Throughout the experiments described in the previous 
sections we have used the formation of a dry gtd m tJie nu^aHure 
of the “ qdaiion capadiy ” of a colloid. We may now attempt 
to say just what this means. It obviously imdmkm mon^ than 
the term solvation capadty. The latt(^r na^asun^H t.he solubility 
of the solvent in the colloid material and is synonymouH with the 
swelling capacity. Ciclation, however, imtlndt^s not only this 
value but more— namely, everything embnuu^d within t.lu' regitai 
of the emulsification or enmeshing of a solution *N)f tli(^ colloid 
material in the solvent, within the solvated (U)lloid as an (‘xbumal 
“ dry phase. It embraces everything in Figs. 48 and 41) up 
to and including the zone F. 

4. Just above this region it is apparent that thi^, mon^ solid 
phase may no longer be adequate to (uudose all the solutaon '' 
of colloid in solvent. When this upper region is re 4 ieh<Hl th(^ 
colloid system tends to sweat '’--or to use the Utiu of Thomas 
Graham the gel shows “ syneresis." We may still have before 
us a gel, but it is now no longer “ dry.” 

When the dispersion of a liquid in an enveloping plume which 
is also a liquid is compared with the dispc^rsion of a liquid in a 
more solid (crystalline) phase, (iis indicuited in tlu^ zones V of 
Figs. 48 and 49) it is clear that th(^ tendemy to *‘leak” the 
liquid phase is greater and is more lik(dy to (Humr (*arly in tlu^ 
case of the latter system than in the fornuu-. It is for this 
reason that the more solid ” gels n^gularly show (tarlier and 
greater syneresis than the more ^‘elastic ” or “ liquid ” gcds. 

To go sufficiently above the region U is to be in the regions 
E and D. We now no longer say that there is Hyneresis or that 
this has become excessive but we say that the g(d has gone into 
or persists in the sol ” state. 

5. As a final word we should like to emphasize the fact that the 
concept of the lyophilic colloid as outlmed here sets no limitations upon 
the nature of the materials that may make up such a system and 
makes no spedfications as to the nature of the forces which guarantee 
the stability of the colloid system. They are in general any or all 
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the foreeH whic’h ii|i|>ear ia c»r are (>|M*riitive ia HolutiaiiH of the 
inoHt viiritM.1 kiiaiH. Thin in eiaj^lua^i^^ecl hec^iuiHi* there hm hi^^n 
laueh wriit4.*ii, for i*xaiup!e, n^ganJiiig iilhiin|K)rtaai elTec^tH 
of the eleeiririil ia ileteriaiaiag tlie Htahiliiy of eolk>i<lg 

in general iiad of tiie lyophilie etjlIoniH in pariienliir. We cio 
not wigh Ui fieay llie ini|Hirtanee af thin faetor in mnne colloid 
HyHteni« under trrinin eoatlilionH, hut it in too narrow a view 
to take of what (ajiistitiiteH the lyophilie cidloniH in general. While 
the play of eleeirit’a! foreen may he uppanuit in HynteniH {‘ofn|M>ged 
of W'Mipg and water, in flame of pnU4aim anti water. «»(.(*., lyophilie 
colloid HyateiiiH may l>e huilt np. m illuHtrnteti in the imHaal- 
ing pageH, of matermliH in whieh tla* cdtHirienl fatiorn are eitlier 
negligible or abw»nf erttirely. It will prove aimanvhat difficult, 
to gay the t<» etuijiire tip orthodcix electrical noiitnm in 

Hyntemg eontainirig taifliing htit goapa witli anhytlrouH alcohol, 
toluene, Innmmr, eliloroform or ether. 


VII 

ON THE REACTION OF SOAPS TO INDICATORS 

In order to giU grtunnl nmterialH of girietly rf»produeihle iv|m 
for the u\m*rvi%Xmm on noapn detailed in the precinling pagen, 
we hdlowed the expialiimt <tf prxHiueing ** neutral Hoaiw by 
giinply lidtling to each ttilter the neeeaaary gram e<|uivaleniH of 
liighly purifi<*d fiiity acidn atal carefully atandardized Holutkina 
of lilkiili. We f<»und that tluH m<*thod yielded nmm HatinfacUiry 
regulta tlian tliat of otltera who trieii t4i obtain ** neutral,' ' ** slightly 
alkaline or *' alightly a«’id soaps by aiiding t4t eacdi other fatty 
acid iiwl stantlard alkali until some cdiosen indicmt^ir wiis pre- 
iiirnetl to show tin* mixturf* neutral, alkaline or acid. As the next 
paragraphs will show, suc*h intUeat4>r fnetlitHls as ordinarily 
einpkiyf‘d iiit! highly fallacious. As a matter cjf fact the errors 
incitieni t4i the api'iroach t4) the problem by the latter method 
have long familiar to the practical soap chemists, for they 
have for dwades past detenniiK^l the |>res(mee of ** frca^ alkali 
or frca.? fatty iicid '' in their soaps by indin^jt methods. The 
following cihseri^fifioiis not only show how unreliable are the 
commonly employed indicator methods but why they must he so, 
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not only in the specific instance of the difTerent soa[>H hut in all 
similar colloid-chemical systems as rcpn^sent(Hl l)y tlie most, varies! 
types of chemical reaction encountered in technological pnict i{‘t‘ and 
in living cells under physiologicuil and pathologi(*al cin’uinstan(‘(‘sd 
Incidentally they also bring proof for the t.hiM)n‘ti(*al views dcwc‘I- 
oped above, according to which the syst.tnn, HoapHlissolved-in 
solvent is something totally difTenait from thcj Hystem, solvent" 
dissolved-in-soap . 


§ I 


Our fundamental conclusion may \)a stat(‘d tlius: HVa?! a 
“ neutral ” soap has been, produced through condpinntioii af thr 
necessary gram equivalents of pure Jatiy arid with stanthtrd alkali^ 
it is either acid^ 'neutral or alkaline to such an indicator as phenol- 
phthaleinj depending upon the concentration of the leatrr in the 


system. 


For purposes of illustration we may (‘hoose the Indiavior of a 
rather concentrated solution of sodium ol(‘at 4 ‘,, as one nuuit* by 
combining one mol of fatty a(‘id with oiu^ liter of normal scKlitim 
hydroxid solution (practically a inohir or :i0 p(*rc<mt “ solution ’’ 
of the soap in water). Phenoli)hthal(*in add(‘d to stich a ronrrn- 


trated sodium oleate/ water system nmuiins colork^ss, as sliown 
in the lower portions of the k\st tulx^ of Idg. 50. As soon, how- 
ever, as water is added to this (tolork^ss mixtun^ it Ix^gins to turn 
pink, and, with increasing dilution of tlu’t soap, Ihx’oiiu^h bright 
red, as evidenced in the upi)er portion of tlu^ Uiho in Mg, 50, 
What has been said of sodium oleaU^ is trut^ in gcuHTal of all 
the soaps (excepting such V(‘ry low m(‘mlH*rH as tin* format 4 ‘H, 
acetates, etc.) though for demonstration puriHJW^s the, Ingln^r 
fatty* acid soaps with their lower solubility in wabu* arc IndtcT 
than the soaps of the lowermost memlxu's in any fat ty licid mmvs. 
An indicator (like phenolphthalein) added to a claanit^ally ncaitral 
sodium palmitate or sodium stearate/ wab^r sysban {citluT a soliil 


It may be well to empluisize here that rumnal <*ells are cw.ciUin.lIv syii- 
tems of water-dissolved-in-protein. Irulicatcra arci therefon* f rick when 
applied to these systems. In diseiise the afTcHUed (‘clls suffer vhmmcH whic‘h 
often are m the direction of *‘true^^ solution, in other w<»rciK, tlie cells temi to 
systems of the type, protoplaHm"<liHf4oIv<H 1-in- water, Incii<'ator 
methods become more reliable aa this happens hut only for thone jM^rtionn of 
volume solution type. Bee the lator pages of this 
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gd or a lic|in«l iiiixtun*! tiirm ihv lk|uid of the system a 

bright re«l wliilr* the of mtip fkiating in this liquid remain 

pure white. 

d1ie cMimiimn exphiiiiitioii of what liap[H‘nH in these instaiH'es 
is^ of eourHi% that of the physieal ehetniste, wlu» asHUine. that in 
the txuH'enf rated soap ** H<dution ’* tliere is little liydrolysis of ilie 
soap, while in t!ii‘ more diluti* one sueh 
hyclroIyHiH is inertxised and, HiHliuui hydroxid 
being a stronger alkali than olt*ie arid is an 
arid, an indieator at- imee tea rays the (*xeesH 
of hydroxyl ions. 

Without listing the tilijeef uiuh vvhieh may 
he raised againHl siteh n!i (*xplunalion 
(whieti at te*st nec»ounts for hut a mmill isir- 
lion of what hapfsmsl, it sisuns neressary, 
in order to get a more satisfaetory inierpn** 
tation of the wlmle pieture, to rail hi mind 
the physi«%al eons! it uf ion of the lyophilit^ 
eolloitis as previously tliseussinl in thc^si* 
pages and, in tin* vim* t»f tin* soaps, to dis- 
tinguish tedween the tedtnvior of thosi* |Hir» 
tions of smdt systems whieh have flat eom- 
|K)sitif>n water-ilissitlveddiesoap and ihow^ 
whieh liave the rom|M>Htt iori Hiapndisscdvts!- 
in-water. The t\v<» are t<»tally clifTt*rc*nt, 
and, while indieator methods may lie use<l 
in an attempt to aiialy:^.e tlie latter, they 
need ia»t he (ami are noil so upplienhle to 
tla* f«»nner. Hie sceeaths! etmeerd ratisl soap 
“ solulioiiH are i*ssiaif ially solutions of tlie 
solvent in the soap, while tla^ mom diluh* 

CHii^s lire systems of tin* op{Misit<* ty|K*, and 
phystc’o-ehemieid naihods and tin* laws governing dilute* solutions 
may therefore he applied f»nly to the latte*!'. 

The eorreetness of them* various df»du<‘t-ionB may lx* test.enl liy 
the US4» of Hueli an indic*ator as pht*nolplithaIein upon solid soap 
gels whieh, ns previously emphiisiy^sl, repres(*nt mixtal systems of 
.Boai>-water in (solid) solvated-soap. If pla^nolplithalcan is applical 
direetly to a fresh seetion of sodium stearah*, for example*, tlie. 
framework of the gel (in other words, tla* wat4:*rdn-Hoai) portion 
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of the system) remains uncolored while the contents of this frame- 
work (the soap-in-water portion) turns bright red. A drop of 
phenolphthalein solution dropped upon a 10 percent sodium 
stearate/water gel remains uncolored. If, however, the gel is 
slightly squeezed (which breaks the encircling hydrated sodium 
stearate film and squeezes out the enclosed solution of soap-in- 
water) the spot turns bright-red. Any other solid soap/water 
system behaves in similar fashion. 

Another variant of the experiment may be made by warming 
a concentrated sodium oleate or other soap solution whieli at 
ordinary temperature fails to color to phenolphthalein. Kucli a 
mixture, on being warmed, turns pink. Wliile it is ordinarily 
said that under such circumstances the hydrolysis of the soap is 
increased, it is equally true that such a temperatuni (ihangc^ marks 
a displacement in the system from a solution of the solvent in the 
soap to one of the soap in the solvent. 

To make sure, for experimental purposes, of defiintcdy “ acid 
or alkaline ” soaps we have added to our chcmic^ally “ neutral 
soaps (like molar sodium oleate) known and larger suri)luseH of free 
fatty acid or alkali. When free fatty acid is added it emulsifies 
readily in the soap, yielding a mixture more viscid than the origi- 
nal soap gel and practically as transparent as the original sodium 
oleate. Phenolphthalein added to the mixture remains colorless. 
Still, when water is added to such an obviously acid soap, 
the mixture turns pink or bright red as the added water is 
increased. The opposite type of experiment may be made by 
adding an excess of sodium hydroxid to the sodium oleate. 
Under such circmnstances the mixture may assume a pinkish 
tinge, but this is because the excess of sodium hydroxid is hydrated 
and separates out in emulsified form in the chemically “ neutral ” 
sodium oleate.^ It is not the hydrated soap but the hydrated 
sodium hydroxid which turns pink. When instead of sodium 
hydroxid, sodium chlorid is used, such pinking of the system does 
not follow. Hydration of the neutral salt occurs and the mixture 
becomes more viscid, just as when sodium hydroxid is added, but 
since sodium chlorid is neutral and since the soap is not soluble in 
the salt-water no change in the color of the indicator becomes 
manifest. 

^ See page 93 on the salting out of soaps. 


Tf!K (’<)LU>nW'HKMI8TRV OF SOAm 


81 


§2 

We einpliiiHizc* fwaitt.s Ix^ruiiHr in t<H‘hn()lu|»:i<*uI prac’t.iec* 

it in (jfteii of iiiueli iiiiptirtaiiee Rj know wheilnn' the Hv.^^fein 
worked U|m»ii is “ arid/’ '* iilkalint* ” or “ laniiral ” in nnietion. 
The alHive <tl>Ht»rvHticaiH aiay serve Ut show with wliai (*xtrenie 
care any deduetioiiH thrived from the iipplieution of indieaOir 
metho<lH (or miihodH of determining Iiydrogcai or hydroxyl 

ion eoneentration i must he applied io nueh HysfiauH if tlH*y are of 
the lyt^philie cailloiil tyja*. The indimUm may help m for thomr 
portiom of the Hyntem lehivh are of the mmpomiian x-^dinHolml^in-- 
tmiler hut they do not ntcemnnly tell tm anything of ihom* portiorm 
oomponed of ieuter-‘disH4dird-in'-i. 

With rt^gard to tin* HfHaafie problem of soap manufacture, we 
may say that the proiMutions of fat (or fatty aidtl), alkali and 
water as chosen in common practic(» are such as ykdd ordy wah^r- 
in-scaip ty|H*H of systems when the e(d<l process is folkiwfai, 'rin*: 
jsame is true fta* the e<M>led systems wherj the soap is ina<lc» by the 
hot pn»ec*ss anti intit*|Haith*ntly of whet ht^r the soap haH been salted 
out (l)y Hotlium ehlmid) or imt. Whih^ ila» soap is boiling it 
repremads a inixtiire of Wfit4»r“in-s<»ap ami s«jap-in-wat4»r. If indi- 
eahir imdhods are uwhI on smdi a sysitan and at higher tempera'* 
luren this much may he saitl for them. Any htpiling Htmp which in 
jmt alkaline to phen(dphthalein Uhwidtilly pink) will ht lem atkalirm 
(cohrlem) when cotded. It may, on emding, dill cxmteun free fatly 
add, hid it will not hold uneombined alkali. 

We have alreiniy emphasiztxl the imjmrtiint ai>|)lieation8 of 
these principles to varitms hi(»ehemieal nmc*tions and to problems 
in biology anti medicine.^ Wesltall return to the problem later.^ 
Suffice it at this time Ui emphasize the fati. tliat the nwimm in the 
mild timue^ of the Inuiy (including few the mod pari thoBe in the 
fnajor p(MionB of tbx' blmHl and lymph) are reacliom in a nudium 
anedogom to a cxmeeniraled Bmp, ''fhe rtme-iions, on the other 
hand^ oeeurring in the watery sf^eretioim fmm tin* body (like the 
urine and sweat) twetir for the most part, in a syshun analogtms 
to diluted soap. Indicaf4>r methods may Ik* aiiplied and with a 
fair dc^rtMi of accuracy only to the latter systems; their applica- 

* ♦%© Marti?? H. Fisc'hkii: <l‘kleam and Nephritis, 2nd Ed,, 324, 512, 629, 
New York (1915); 3rd M., MM, tH2. 765, New York (1921). 

® Sec imp 229, 
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tion to the former type of system must be vurvml out with the 
greatest caution, if, indeed, they may I)e us(mI at all. \et it is 
the common practice of biochemists and biologic -al workers to 
hold that protoplasm, too, is something analogous to a dilute^, 
solution. 

The observations detailed above (larry with them an ini, cr- 
esting corollary. The color changes of indieat.ors are in the major- 
ity of instances assumed to be dependent ui)on a play bet wc^ai the 
concentration of the electrically chargcMl hydrogcai and hydroxyl 
ions. If this assumption is held true for i)h(molphthalein (or for 
any other indicator which is held to a(*t in this fashion), and 
especially if any one maintains that such indi(‘ator methods rnay 
be applied to concentrated lyophilic colloid systcnns, Hum the 
conclusion is inevitable that these concentrated systems contain no 
such ions. The matter is of signific^ancc^ bc^c^ausc* living matter 
(normal protoplasm) does not behave, tis is so widc^ly assunuul, as 
water containing a little (Colloid, but rather as a colloid contain- 
ing some water.^ If this be true-- and all expcnlmcmbd (widence 
supports such a conclusion -then the material which we call living 
matter is probably under normal circa, mslances as electrically bland 
as is a concentrated soap solutUrrij a conclusion not to bc^ overlooked 
in a day when the explanation of almost cwcuy fundaimmtal life 
process has been assumed to have l)een found in an (^k^ctric^al 
notion of some kind. This criticism is not to be misunderstood. 
Differences in electrical potential, in ionization, etc., do come 
about in living matter, but they are more prol)al)ly the results of 
and the expression of injury to the involved stru(*tures than 
of their normal life. 

1 Martin H. Fischer: OEdema and Nephritis, Srd Ed., Nh'w \’t>rk (1921) 
where references to the first publications on this aubject may be found. 
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VIII 

ON THE PHYSICAL STATE OF SOAP MIXTURES 

Tht‘ fX|M*rini<iitH |M‘rviuu.H|y ^^how timl tin* dilTi»r<*nt 

Sdaps ilitTrr uuuHiii lhi‘iH?4«*lvi%N in tliiir ahnolufi* 

S|M‘akiiiK pnii’rally. linolnlnn hold \vm c^f various solvcuits 
(like water I than rlinnieHlly cainiparal»le amounts c»f the* ol(‘nles, 
and th<\He hoM less than *M|uimolar nimamts of tla* steH^ut(^s. 
Within till* n<‘eti«’ H4*rM‘s itself thf‘ lower memhers are less liydra- 
tahl«» tltati tlie Tlte question tli(‘n‘for<‘ ar<KS4‘ us to what 

would fiapiMUt if tw<i sia-h soaps of {iiOVrent hydration eapaeith's 
(•oin|M‘ted for a h\eti voltinie c»f water. This is, in (*sH<*nee, the 
(|U(*sti(m of teehnologienl iinportanee when in eonum*n*ial soup 
manufa<*tiire a inixeal soap is prepared in a limited v<»hnne of 
water frean the mix! lire fatly aeids ohtnined from any ordinary 
inix(*d giy4‘(‘rid, 

A first exjMU'inient under this head was made* hy mldinj? to 
a hot Hodimn stearate solution inereasiiig amounts of hot sodium 
oleati*. Idle aefual mixtures are slauvn in Tal>h* XXII. 

d'he H<»apH were added to eacdi other at tlu* tiunperat un* of a 
boiling water hath and, after <’Hreful mixinjL»:, were allowcsl to eool 
to IH” i\ Ida* rtxsuUs of this ex|H*riment an* shown in I'd^. 51, 
As indieated in the first bottle on lla* lc»ft, sodimu okaiti* is, vxvn 
at tla* maximal eom’enf ration emphiycsl in tla^ a mohik* 

lic|uid. ddie laitlle on the f*xtremi* right shows that sodium sl(*a*” 
rah* at the eonefuit ration ehosc‘n is a wlut(* solid. As (‘vidmaasl 
in th<» bottles Isdween thes<» (wo extreanes, th(* prescmei* of lh(* 
sodium oleate interfi*res with the solidifieatiim of the* whole* mix- 
tim*. Hvt*n wiicai tliesi* mixtures an^ kept standing for mont.hs 
they d<i not go solid. 

A si*eond ex|K*riment under this heading was maele by adding 
scKiium o!eiit<» to seHlium palmitate. Tlie nuxtim*s, pn*])un*d in 
a boiling water batlq hat! the composition showui in Table* XXIII. 

The* ap|H*ariinee of t la*sf^ inixtun‘H on eooling to 18® (\ is sliown 
in Fig. 52. While I lie sodium palmitate will liy itsedf yi(*Id a white 
solid, admixtim* with sodium oleate iimvents this, and does so 
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in increasing degree with its concentration in the mixture. In 
the mixtures containing the larger amountB of nodium oleate, 
the sodium palmitate floats in masses of silky lu^edles within 
liquid menstruum. 



In a third experiment the effects of mixing sodium linolat 
with sodium stearate were studied. The composition of th 
mixtures is given in Table XXIV. Fig. 53 shows that whe: 
the previously clear mixtures prepared in a boiling water bati 
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are cwled to 18° C. tho linolate with its lower absolute gelation 
capacity again dominates the mixture. While the pure stearate 
IS solid, admixture with sodium linolato yields increasingly softer 
or liquid systems. 



A final experiment was made by mixing two soaps of 
the same series, namely, sodium capiylato with sodium stearate 
M mdioatod in Tabic XXV. The ma.lta of this oxporiment, are 

Visible m Fig. 54. The physical state of the soap mixtures is 
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again dominated by l.ho soap of lesser absolute, gelatioi 
capacity. 

These several experiments show, tlu'n^fonH, that in any soaj 
mixture it is the soap with the. Unvcr ubsoluft* gcdafion capacit; 
which gives the deciding charac^ter to tlui mixtuie. In trj'ini 
to account for this, it is of interest. t.o point out that the simple 
soaps, or those lowest in any sericis, stand (doH<>r to tlu^ ordinar; 
“salts” of the physical chemists than do fhl^ mon; <!omi)lex o 
higher soaps. The lower soaps, as it wen% “ .sjilt-out ” th<> highe 
ones as do the ordinary neutral salts when added to the soaps 
This matter will be discuased later.' 


TAltl.K XXII 

Sodium Oleatk— Hodiitm Stkakatk Mixwheb 


(1) 

35 

oc. m/2 sodium oloato +70 

cc. 

HaO (contnil) 

(2) 

7. 

5cc. “ 


“ +27.5 cc, 

“ f 70 cc m 10 stHlium atcarats 

(3) 

15 

oc. ‘ ' 


“ +20 

cc. 

*' f70cc 

(4) 

20 

CO. “ 

‘ ‘ 

“ +15 

cc. 

“ f70cc. 

(5) 

25 

CO. " 

‘ * 

‘ +10 

cc. 

“ f70cc, 

(6) 

30 

cc. ' 


“ + 5 

cc, 

'• f70cc 

(7) 

35 

cc. “ 

“ 

“ +70 

cc. 

rn TO auditun stearate 

(8) 

35 

CO. HaO + TO cc. m/K) sodium stoamtc CcutUrol) 


TABLH XXIU 

Sodium Olkatk— Sodium Fadmitatk Mixturkh 


(1) 35 cc. m/2 sodium olciat« + 70 cc. HaO (control) 

(2) 5cc. “ 

* * 

“ +30 cc. 

' +70 cc. m 10 wKliuiu 

(3) 10 cc, “ 

* ' 

“ +25 cc. 

‘ +70 cc. •• 

(4) 15 cc. “ 

' * 

“ +20 cc. 

• +70 cc. *• 

(5)20cc. " 

* ' 

“ +15 cc. 

• +70 cc. •' 

(6)26cc. “ 


“ +10 cc. 

‘ +70 cc. '• 

(7)30cc. “ 


* ' + 5 CO. ' 

“ +70 cc. •• 

(8)36cc. “ 

“ 

“ +70 CC. m/10 sodium palmitatu 

(9) 35 cc. H 3 O +70 cc. m/10 sodium palmitatc 


TABLE XXIV 

Sodium Linolate— Sodium Stearate Mixtures 


(1) 

36 cc. m/2 sodium linoIate+70 00 . 

HaO (control) 

(2) 

5cc. “ 

“ “ +30 CO. 

+70cc. m 1 

(3) 

10 CO. 

“ +25 cc. 

“ +70 cc. “ 

(4) 

15 cc. ‘ * 

“ +20 oc. 

" +70 cc. " 

(5) 

20 cc. ‘ ‘ 

“ “ +15 cc. 

“ +70 cc. “ 

(6) 

25 cc. “ 

“ “ +10 cc. 

" +70 cc. ‘‘ 

(7) 

30 cc. “ 

“ “ + 5oc. 

“ +70 cc 

(8) 

35 cc. ‘ ‘ 

+70 cc. m/10 sodium stc 

(9) 

35 cc. H 2 O +70 cc. m/10 sodium stearate 



1 See page 93. 
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TABI.K XXV 

SonH'M ('Al'ttYI.ATK — SoUIUM SXEAHATK MiXTtIKKK 


<1) 30 

cc. 

4 m capryliitc f 70 

cc, HtC> (cirntrol) 

(2) 1 

cc, 

4 in 

f 29 

cc. *' -f'TO cc. m. HJ M«»-diiiin wtcttrat« 

(3) 2.3 

cc. 

I in 

*• f27 5 

cc. •' 4 70 cc, " 

(4) 5 

cc. 

4 in 

‘ * f 25 

cc. *• f7(Jcc, '• 

(3) 10 

cc. 

4 in 

•' 4 20 

cc. '* 470 cc, *• 

(6) 15 

cc. 

4 in 


cc. " 470 cc. '* 

(7) 20 

t5C. 

4 in 

*• no 

cc " 4 70 cc ** 

(8) 25 

CC, 

4 in 

f 5 

cc " f70cc 

(9) 30 

cc. 

4 in 

i 

cc III 10 wniiuin itciimtc 

(10) 30 

cc. 

HaO + 7() cc 

in l{» mnlium 


IX 

ON REVERSIBILITY IN SOAPS 

§ 1 

We noted early in our c*x{H*riin(*ritH that tlu^ |)hyHieal con- 
stants of the alkaliru^ (*arth and he.avy metal Boapn, an ordinarily 
prepartal by pnnnpitation of a Bodiuiii or potaKHium noap with 
the Balt of a heavitT nu^al, wen* diiT(‘rent from thone of tlu^He 
same soaps when pn^panul dinH’tly from a pn){K*r fatty acud and 
a metallic hydn)xid or oxid. W<* attributed tlu^ diff(m*neeB to 
admixture*, of the* hc*avy m(*ta! soap with tlu^ orifcinal soap. As 
a matter of fact, w<* always deal in soaps thus pn^panul with a 
mixture!, in equilibrium, of the two soaps. In order to study thci 
matter further we {H*rfornuHl the following (*x|K!rimentB on the 
reversion of soaps of the*, alkaline earths and the heavy metak 
into the soaps of the alkali metak under the influencfi of alkali 
hydroxids. 

The r<!Bult8 in the caiH! of a scenes of oleatas may \>e thus illus- 
trated. Molar (equivalents of the hydrated oleates pictured in 
Fig. 2 and d(!H(TilK!d in Table III were plac^csl in B(!parate viak. 
The actual amounts wi*n* as follows: 


MagnCHium oleaU! . 5.1 grama 

Calcium olcatc 3.8 grams 

Lead oleate 4.2 grams 

Mercury uleate 4.2 grams 

Barium uleate . 3.6 gmms 


These soaps wesre* eovemd with 10 cc. normal KOH (tin* amount 
necessary to conve^rt, if possible, all the heavy soap into potassium 
soap). The appearance of the soaps irnmediately after addition 
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of the alkaU is shown in the u|>iH>r nnv of Fig. no. Within a 
hour after adding the po1a.s.sinni hyiiroxid nil th.> wmpH U.ga 
to swell and to become covenni with gelntinou.s fUniM. Thi 
change to potassium oleate was particularly rapid in the maf 
nesium and lead soaps. But it occurn'd in all. so t hat after a 
hour enough potaasitun soap was formed to inaki* the liquir 
covering the metallic soaps show ix>rman.‘nt foams. 

These changes occnir in <‘ohl and \vhi*n thv mietio 
mixtures are not stirred Heating and Htirring, lanvever, limie 
the process. In eithc'.r event a high di%m^ n^veivion m editaine 
as indicated by the lower row of Fig. 5o, whtelt nltowH the 
ance of the soap mixitm^n aft(‘r Htunding at r<Man lein|H»ratui 
for forty-eight hoiu's. So nnndu potuHsimn oI(»at4* hail forme 
that all the systems \wrn highly gidatimaiH. 

A similar revemon frean tlu^ HftairateH a! the alkaline eartl 
and the heavy metals into Ho<iiinn stearate is sluavn in Fig. 5< 
The upper row shows the vials with their imdar equivalents < 
the different stearates pnq^anal ns desc’nlH*d in Tahiti IV (an 
Fig. 3), just after 10 cc. normal sodium hyilroxi<i had lasui addc 
to them. The actual amounts of soap in tht* vials wen* as follow 


Magnesium stearate 0 IK) granw 

Calcium stearate 7 05 grfuiift 

Mercury stearate. . . , H IKS gninw 

Lead stearate 7 50 gntitm 

Barium stearate. ...... 5 H7 granw 


After addition of the sodium hydn)xid the mixturc*H wem ke| 
warm for one hour at 75® ('. The* Hp|M*iiranee of tla* same son 
mixtures forty-eight hours latc^r is shown in the !ow«*r row ^ 
Fig. 56. The reversion to sodium stt*arate is so gn*at that li 
the mixtures are now solid g(ds. 


§2 

These experiments on revc’rsion in soaps are of cdiief intere 
to us because the soaps in their colloid-(»h(*miieal lH*liavior an*, lil 
the proteins of the living cell. The heavy nadal soaps are lil 
the heavy metal proteinates which an^ produee.d wlien the livii 
cell is poisoned with lead, meremry, efe.; and just as the hea'v 
metal soaps may be converted into thorn* of the lighter metal 
cells poisoned with heavy metals may \m aided in their restoratic 
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to the more normal state by the administration of profx^rly 
chosen salts of thc^ lighter tnetals.* 

There exist, howev(*r, processes in pure soap maruifacdum 
which hav('. long niatk^ empiric use of the facts detailed al>ove. 
Instead of hydn^lyzing fats with scKlium or |K)tas8ium hydn)xid, 
they are often hydrolyssed with calcium hydn>xid. lender such 
circumBtaru;(‘.s (talcdum soaps art^ produced which, as formed, havc^ 
little or no washing '' i)ro|K^rtieH. The calcium soaps are then 
converted into s(Klium or iK>tas8ium 8oaj)8 by treatment with 
the carbonates of them? metals. 


X 


ON THE SALTING-OUT »» OF SOAPS '^ 

The pn?viouH piiges ^ have shown that t lie alisorjit ion of water 
by various purt? soaps (and hence theini physical state) de|H*nds 
upon (a) the kind of bam? combined with a given fatty acid, or, 
with a given bam? (b) upon the natun? of the fatty acid. It is 
the purpose of this m?ction to dascrilie the infhumce which the 
addition of diffemrit (electrolytes has upon their |)hysical state. 
We shall first descTiln*. tlie action of different salts upon a single 
soap, namely, potassium oleate; later the effects of one mdt 
upon different soaps. The practical and th(‘ondieal dc^diniions 
drawn from them* materials will then \m corrc‘latc?d witli tlu* vari- 
ous empiric practice's of the* soap manufacturer and allied scien- 
tific studies in this fk?ld. 

1. On the** Salting-Out ” of Potassium Oleate 

The potassium ol(*ate um*d in these experiments was prepared 
by adding to the molar wenght of oleic atnd expressc?d in gmms 
(282.27) KKK) cc. of a normal KOH solution. The oleic acid 
and the potassium hydroxid solution were heated separately in 
a water bath and, at the temperature of the boiling water, the 

^ See page 240. 

®Maetin H. Fischie and Maeian O. Hookke: Science, 4S, 143 (1918); 
ibid., 49, 615 (1919); Chem. Engineer, 27, 226 and 26t3 (1919). alro 
page 205. 

^See pagea K) and 15; also Maetin H. Fihchek and Maeian O. 
Hookbk: Chem. Engineer, 27, 155 ( 1919 ); ibid., 27 , 184 (mi9). 
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oleic acid was poured into the potassium hydroxid. Thc^ mi] 
ture was stirred and heated, with careful avoidance!^ of €^vap< 
ration, until a clear, viscid liquid was ohtaincHl. Whericver oi 
stock or standard potassium oleate solution is mentioned in tli 
following experiments one prepared in this fashion is n^fvrrtHl U 
At room temperature this stock is strongly alkalim* to litnu; 
paper but phenolphthalein when added to it remains c'olorlessd 

1. We tested, out, first, tbe efifects of adding diff(‘n^nt amount 
of water to the standard potassium ol(‘at.(^.. Thc^ stoc^k soap whe 
prepared as described has the viscosity of a syrup at onlinar 
temperatures (18° C.). The addition to this (d progn'-ssivel 
greater amounts of water merc^ly servers to d{‘cn*as(‘ its visetositj 

2. We next tried the effects of adding progn^ssivedy gnak 
amounts of various alkalies (KOH, NaOH and NH^OH) to th 
standard soap. While from a chcunical standpoiid if mattei 
little how a mixture is mad(^ it makes mmdi diff<u*(UHa» from 
physical point of view as will Ix^ discusscxl later. Wh<»n nc 
otherwise specified the ‘mixtures throughout tlic‘H(‘ Htiries wer 
made in the sequence in which they appear in the tahlcH. In I'abl 
XXVI, for instance, the water was first add(xl to the soap an 
mixed; then the KOH solution was addcul and the whok* agai 
mixed. When not otherwise specufual, all (‘ombinatioris wer 
made at room temperature which in the niom employtul and a 
the time at which we worked (the winter of 1917 and 1918 
remained continuously close to 18° C, Th(^, des(!rif>tionH an* 
photographs refer to the appearance of the mixtim^s Iwenty-fou 
hours later. 

Table XXVI and Fig. 57 show the effects of adding potassiur 
hydroxid. It is obvious that the control soap with water mix 
ture is a mobile liquid. The first additions of {)C)taHHium hydroxi< 
to this mixture serve to increase its vis(X)sity as evid(uu!(Kl in th 
tubes marked 1, 2, 3 and 4. But }>eyond this point furthe 
addition of the potassium hydroxid begins to bring about j 
dehydration of the soap which increase's progressivedy until, i] 
the tube marked 10, the soap is found floating as a thin laye 
at the top of the clear dispersion medium. 

The effects of sodium hydroxid upon the standard potassiun 
oleate are similar to those of potassium hydroxid as apparent ii 

1 See page 77 for a discussion of the meaning of indicator methods whe: 
applied to these soap systems, 
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Table XXVII tmd 5H. 'Fhen* in at finit a progressive incrc^asc^ 
in viscosity until a iKmuiiful gel is fonnecL Further addition 
of the alkali tluui brings alwnit a 
sc^paration of the soap fn^ni the" 
water as almuly cU^HcrilHHi for 
potassium hytlroxid. 

Table XXVIII and Fig. 59 
show that nonc‘ of theses things 
hapiKui wlum e.<|uinormal ammo- 
nium hydn>xid is adtlcnl to the 
potassium ok*at(*. In fa<‘t, even 
if the coneemt mt ions of tlu% 
ammonium hy<lroxid an* carried 
beyond thos4% in the taible no 
gelation and no sc*panttion of 
the soap (xamrs. Tht% n^jiHons 
for this an^ diseusscHi lat4*r. 

The fact of inti^n^st in tliesc^ 
parallel s(*ri{*H of (*x|M*rim(*ntH is 
that the sodium hydroxi<l leads 
to incrcmsc^ in viscosity and the 
setting of the soap into a solid 
jelly at a somewhat lower con- 
centration than is tlui caset for 
potaasium hydroxid; and this 
same shifting of effect toward 
the left is true of th(^ stjpamtion 
of the soap fn>m the acjU(H)UH 
dispersion medium in the higher 
concentrations of the alkali. 

To the meaning of theses things 
we shall return later. 

3. We next comparcsd the 
effects of a group of salts having 
a common l)ase and diflfemnt acid 
radicals. To simplify matters 
a series of potassium salts was 
chosen. 

The effect of the halogens is shown in Tables XXIX, XXX, 
XXXI and XXXI L Photographs of the chlorid and bromid 
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series are shown in Figs. 60 and 61. It. is ol)vions from the tab! 
and the figures that these neutral salts beluivc^ in Ihc^ same gent^r 
fashion as the previously described hydroxids. With pn^ressb 
increase in concentration there is obs(‘rv(Hl in all tlie H(u*i(‘H a pr 
gressive increase in viscosity of tlu'. soaj) uiPil it. sc^ts into a sti 
jelly. With further addition of the salt tlu^ visctosity falls, a sligl 
turbidness develops and, later still, sc^paration of tlu^ soap fro 
the dispersion medium sets in. This separation finally Ixatorn 
so great that the soap floats as a practically dry whiter mass up< 
the underlying clear dispersion medium. Some <liff(‘r(Uice mai 
to exist in the power with which tluj four halogtms k^ad to tl 
setting of the soap and its subse.quent dcdiydration and Bcq>aratio 
The difference may, however, be one of exjKuanumt al error onl 



Figube 58. 


It is exceedingly difficult, as everyone knows who has workc 
quantitatively in these fields, to be sure of getting absolute 
equal rates and degrees of mixing and thus al)H()lutc^ly equ 
effects when producing these various systems. 

Of other monobasic potassium stilts iluh (effects of the nitrat 
sulphocyanate and acetate have h(mi studied. Potaasiu; 
nitrate acts very much like potassium chlorid as shown in Fig. ( 
and Tables XXXIII and XXXIV. With irutreiising concentn 
tion of the added salt the soap first gels and them softens, thou^ 
the solubility limits of potassium nitrate, as sexm in mixtures 
and 10 of Table XXXIV are such as to lead to the formation < 
nitrate crystals in the tubes and not to an actual dehydratic 
and separation of the soap from the dispersion medium. 

The range from a liquid to a gel, through a secondar 
zone of liquefaction succeeded by dehydration of the soap an 
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separation of the clear diaiM'rHion Tne<Huin, in paHietilarly 

clearly in the ca«e of |K)laasiuin snlphoeyanate. The concentni- 



tions necessary for these successive e.hauges may l)e deduced 
from Tables XXXV, XXXVI and XXXVII. I'he luduai apis*ae- 
ance of the tubes dew^ribed in Table XXXVII is shown in I<’ig. m. 



98 


SOAPS AND PROTEINS 



Table XXXVIII and Fig. 64 show the effects of potassiun 
acetate. As compared with the action of the other potassiun 
salts thus far described, it will be seen that at eqthmolar con 
centrations this acts more powerfully. The soap passes througl 


all the various changes to complete dehydration even within th 
short range of concentrations detailed in the single table. 

The effects of several potassium salts of polybasic acids ai 
shown in Tables XXXIX, XL, XLI and XLII and Figs. 65, 6( 
67 and 68. Dipotassium sulphate and dipotassium tartrate pre 


i ]i 
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cluce r(*HulfH prac‘tiriilly kl(»ntiai! with thorn* of the potaH«ium 
halogc*nH whrn the of athlioj? half molar (‘oiioaOratioiw 

of tlu‘ foriiua* naltH are eompaml with thone of molar WHicentra- 
tioiiK of tlic* halt>gc*nH. 

Bt*<‘auHc* of the limited wiluhility of p()ta8aium Bulphato and 
of dipotaHKium larlrat(% Talilon XXXIX and XL and Fig«. 65 
and only wnwo to Hfum* that with in(*n*HH<* in tlic^ oonccnitraiion 
of the added hiiIIh ia prt'>gn»HHiv<» in(*n*am* in tlio vmc’OHity 

of the Hoap until iC(»Iatton or, Inyond tlim, a m*eondary liqiia- 
faetion CK*eui*H in the highrmt eoncaudrationH hen^ <*m|>k>ycHi 



Ficnfwr 


Howevc^r, by working at higher tem|:K^rtitun‘B tin* eoiH^entTatioii 
of hotii tin* sulphate and the tartrate may la* inen^a«*d to a |Kani 
whert^ thf* soap is ** «idted-oiit/‘ 

Tal>k‘H XL! and XLII with Figs. 67 and CiH shcm^ the effects 
of adding the |K)ia8«itim salts of two tril>asie aeids. Di^wtassiuni 
pliospl'iiiU^ (Fig. 67) and tri|K)tassium citrate (Fig. 68) in incrtmsing 
corK!cmtrati«mB at first lead to gelation, tlaui li(|uefaetion and 
finally complete dehydration of |K>tiy«mium oleate. Wlum comparcHl 
with t:hf^ action of monovalent milts, the tables and figurt»s show 
that tiu* initial gelations ait'^ obtained at about th<^ same molar 
comumt nit ions of tlie pot^iiim constituent of the systems, 
though Hubrnsiuent ii(|uefaction and dehydration ocauir somewhat 
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earlier in the case of the polyvalent acid radicals than in that 
of the simpler ones. 

4. The next problem was to determine the of adding; 

alkali and salt together to potassium oleate. Ihe of 



Figure 67. 


different concentrations of potassium chlorid addend to ntamlard 
potassium oleate, containing two different concemtrationH of pot an- 
sium hydroxid, are shown in Tables XLIII and XLIV. 

So far as concentration of the potiissium liydroxid in <;on- 
cerned, Table XLIII must be compared with the Bc^eond tube 



Figure 68. 


of Fig. 57 (Table XXVI); so far as the concentration of potassium 
chlorid is concerned, with the first five tubes of Fig. 60 (Table 
XXX). When this is done it is observed that the effects of the 
alkali and of ihe added 'potassium chlorid are additive. In other 
words, gelation and secondary liquefaction are apparent earlier 
in the series in Table XLIII than in the corresponding tubes of 
Mgs. 57 and 60. 
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The alkali concentration of Tal>le XLIV com^Bponde with that 
of tube 4 in Fig. o7 (Tables XXVI). The non-dehydrating effectB 
of the conccnit rationn of jK)taBHiuin chlorid (anployed an^ (dearly 
apparent by ndcTring to Fig. (K) and Table XXX. Whil(‘ the 
concentration of alkali alom^ k^adn only to gelation of thc^ potas- 
Biuin oleate, it will Ik* mmi in Tal>l(^ XLIV tliat the effect of the 
potaBsiuin chlorid addn itHcdf to thin, when4or(^ the firot. tube in 
the sc^rieB bIiowb a iK^ginnirig dcdiydration which, with increum 
in the c.onctndration of the added Halt, h(HH)ineB progreBnively 
greater until inark^al dediydration and Hej)aration fioin thc^ chmr 
(liBjK^rBion nunliuin in evidtud in the hint tulH\ 

Tabk* XLV hIiowh that Buch an additive effect in apparent 
also when in tlu^ i)n‘8(uicc‘ of a fixed coruHudration of pobiHHium 
chlorid diffenuit amount h of Htandard potaHHiurn hydroxid H(ffu- 
tion an^. addc'd to tlu* Hbindaird |K)tii8Hium okmte. While neither 
of the HubHtanc(*B when UH(*d alom* and in thi^ (iOiKjemtrationH 
prevailing in th(^ firnt tula^ k*ad to g(4ation, the two togetla^r do 
Bo. Whem compariHon in nnukt with the* pn>|H^r tubc^H of Fign. 
57 and (K), it in alno appanmt that the Hc^tondary licjuefaction 
and the (kdiydration lM‘gin earlu^r when alkali and Halt are xmnl 
together t han wlum (*ith(‘r in uml alonc^ 

To (jompkdt^ thiH we add TabloH XLVI and XLVIL 

In Table XLVI th(^ concentration of |K>taHHiuin hydnjxid in fixed 
and that of Hodium chlorid varien, whik^ in Table XLVI I t he 
corujentration of Hodium chlorid in fixcnl and that of potaasium 
hydroxid vari(».H. tablen Bhould 1 k^ companal with Tablen 

XXVI and XIJX, (^r Fign. 57 and 70. Hu(di (aanpariBon hIiowb 
that gelation witli BubwH|uent licpaffacdion and dehydration are 
obtairKHl earli^^r when the alkali and chlorid tm) pn^Hcmt together 
than whcui eith(».r in umul alon(‘ in th<5 (torieent ration ehoBcun When 
the effectB of Bodium chlorid an^ compared with thone of potiiBKium 
chlorid, it IB again ai)par(*nt t hat t he Bodium wdt acts more j)ower- 
fully; in other wordn, the HysteniH am shifted toward the regionn 
of earlier gelation, cmrlier dcdjydration and earlier separation. 

5. We next tricul the (effectB of adding in equimolar concen- 
trations variouB Balts i>o«b(^hh(h 1 of a common acid radical but 
different bmen. We (^hose’s ehloridB. 

In-Table XLVIII and Fig. 69 (introduced as chocks on Table 
XXX and Fig. 60 and on the experiments about to be deseril>ed) 
are shown the effects of adding successively higher concentra- 
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tions of potassium chlorid. The control tube sliows the faniili 
liquid soap. With progressive increase in tiic concentration 



the salt, the viscosity of the soap mounts steadily until in th 
tube marked 10 such a solid gel is obtained that the tube ma; 
be turned upside down without spilling the contents. 


TilK (■Oli/inMUHMISTKY OF S()A!»S 
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Soclitim (‘hloricl prcKhif<*H the mime gencTal c^fTeetn iis potiiasium 
chloric!, a*s nhown in liable XLIX and Fig. 70. Wlion tli<‘ effcHitH 
of thc^ two BiiltH an* c*(anpan*d it in mnni tfmt at. thc^ mine* molar 
concamtration the* Hoelium mlt ac^tn more* |K>werfully than the* 

Biuiu Kali. Initial invmm^ in vimoHity, gedation and frank mpa- 
ration of diHjM^mion ineaiiuin from the* Hoap ocanir imrlie*r through- 
out in the* tttlH*H of Fig. 70 than in thom of Fig. fHk 

Whf*n ainmoniinn c*hlonil in oinpl<iyi*d in the*. Hiime* <*tm<*i*n” 
traiion m that d(*mrilM*ti above* for |K)tfimiuin eir Hodium cdilorick 
an initial iticn‘aH(* in vinroHity in the* iowe*r (‘oncanitratiouH of the 
ammonium Halt in md la* obHc*rv(H!. Hie^ fimt <*!Ti*e*t to Im» noted 
18 a alight clouding of thee mmp mixUm* m aliown in Fig. 71 and 



Ficioke 71. 


Tal)le L. Ah rnon* of the ammonium chloric] in added a white 
collar appearH wliiedi grown progrttHKivcly in thickne^m until the 
whole! contemtH of the* tulae a{)ix*ar white. MicnMicopic ex- 
amination nhowH thin eaillar to lx*, im arnulHion (of fnxai fatty 
acid in the! re»inaining hyelmhMl aexip).^ 

The! <!fTe*c*t.H of magneHium am! of calcium chlorid ii|Km |K>tfi»- 
Bium olemte! aiv. nhtnvn in Tal^lc*H Id and IJ,I and Fig«.. 72 and 73. 
There! Lh no ine*re»iiHe* in vimoHity to lie neded in edthe*r Bi*rie*s Imi 
only a progrewive* fall. IduH in due to the*, feirination of the »o- 
called inHolulile* calcium and magne*Hium Boap«. It would 
Ix! be!tte!r to nay that^ tia* change! in due! t-o t.hc formation of k*8ti 
hydratal>le Boap« for, m pre»vioua study him shown,-' the* magnesium 
and calcium soaps al)t4orh much le*ss water than the corr<!8|:K)ndiag 
ootassium soaps. Since inagnesium soap holds more* water than 

• Hec! pagcH 109, 130 and 175. ^Hee |>age 10. 
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calcium soap the former settles out with greater difficulty than 
the latter, as may be seen by comparing Figs. 72 and 73. In 
the higher concentrations of the calcium salt, the calcium oleate 
comes down in very finely divided (colloid) form and so remains 



Figtjke 72. 


suspended in the liquid as shown in the tubes marked 5 and 10 
of Fig. 73. 

The formation of the metallic soaps with their extremely low 
hydration capacities again dominates the picture when cupric 
or ferric chlorid is added to potassium oleate. As shown in 



Figure 73, 

Tables LIII and LIV the soaps as formed tend from the first to 
collect in hard, dry lumps within the freed dispersion medium. 
Matters are further complicated in these experiments by a partial 
separation of fatty acid due to the fact that the added salts yield 
an overplus of acid on solution and hydrolysis in water. 
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2, Critical and Historical Remarks 

a, IninHluetitm. {'onnidcnMi in thc^ broad, I lame (‘,X|Kmments 
descriptive of the effects of difft^rtaii alkalies aiid of different 
neutral saltH ujkui HOHi> an* an old ns soap manufaetun^ or chemical 
induHtry it«*lf. The pn*eipitation of “ iimoluhle m<*tidlic soaps 
by the addition of Halts the heavy metals to soflium or potas- 
sium soaps is a familiar proctaiun* in the manufa(*tum of various 
paint products; tin* luhlition of amnamium hydnwid to wash 
waters has long; Ihh'u known to hav(* a vaha* in laund(*ring |)roc- 
eas(‘s not shown by mon* fixe<l “ ly<*H"; ami tin* wilting-out '' 
of soaps through the addition of an (‘xeess <ff tlie alkali UH4*<i in 
making the* soap or hy the addition of onlinary sodium chlorid 
is a century or mon* old. d'la* soap eh(*miHts an* also familiar 
with the fact that in the* salting-otil proeew th<‘y often (meounfer 
a ^‘gumming” of their soap mixtun*s or find tlmt these* “go 
stringy/' Ne've'rt h<»l<’HH, ex|M*rime*ntHl <ie»tailH e(m*ring all theses 
general subje^ets in mt)r<* than partial fasliioii st‘e*m still to \h^ 
meagn% and the* riatun* of the* sitnple’st findings se*emH not ye*t 
to have e*me*rge*d fnan the* n*alm of harsh de‘bate. 

If the faets and theon*tienl ce»nHi<le*riitionH covering the hydra- 
tion and solvation profH*rtie‘H of the pun^ soaps themHe*lve‘H as 
pmvienisly outlin(*d in the'se* piig<*H * an^ kept in mind, it be»eo!neB 
possible, we think, not only t<» <lmw togedh(*r und<*r a common 
heading many of the* empiric hicts of eh<*mical industry^ hut to 
find an explanation for them in de*eid<*elly simpler terms than 
seem now to 1 h* iit use^ lieffon* d(*t ailing the vie^ws of other 
workera in th<*w^ fie*lds wish for the sake of clarity to divide 
the exfH*rimc*ntH of this sc»ction into thrt*e groups. While? the 
phenomena discusmsi in any one of tlaw* comnu>nly appear also 
in a 8(H?ond, or <*ve*n in a third, such division will help to make 
clear what it is that doininat<*s lH*havior in each of the gn)upB. 

The? prc‘viouH pages have shown that it in imp<)rt(ml k> dm-- 
tingimh between the mduhility of any mmp in xmiter and the mdu- 
tnlity of the unkr in that nmp. Of immediate? intere'Bt for our 
purpo8c?B is the? fae?t that of the soaps of a give*n fatty ac?id but 
with different bases, ammonium soap is most soluhk in water, 
potassium next and thc?n sodium. The soaps of the alkaline 
eartihs are hardly soluble in water and thoi^, of the heavy metals 

* Bee page '69. 
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are generally regarded as completely insoluble. Looked at the 
other way about, the first named are the best solvents /er water, 
while the alkaline earth soaps take a middle ground, and those 
of the heavy metals stand last. With these gcuu^ral truths in 
mind, it is obvious that we may classify the eff(U‘ts of bidding 
an alkali hydroxid or of adding any salt to potassium ok'.ate as 
follows: 

(1) a soap is formed more soluble in wat(‘r uml a better 

solvent for water; 

(2) a soap is formed less soluble in wat(‘r and a poorer 

solvent for water; 

(3) no change occurs in the solubility (*hara(‘,t(n-isti(‘s of 

the soap. 

The last covers, perhaps, the item of gn^atest. praet htal impor- 
tance, namely, that of the ordinary salting-out. of soaps, and that 
about which most debate has centered; but sinc(‘ in pract.ie(i it 
is rarely seen in the pure form outlined in our (‘xpen’inumts, hut 
is more or less blurred through the 8imult.an(H)tis ac^tion of pos- 
sibilities (1) or (2), it is best taken up last. 

(1) .d soap is forw,ed more soluble in water and a belter solvent 
for water. This happens when ammonium hydroxid is added 
in any amount whatsoever to a potassium (or sodium) soap. 
In this case the viscosity of the soap mixture r(‘gularly 
This behavior of ammonium hydroxid is strikingly difT(u-(‘nt from 
that of either potassium or sodium hydroxid, eilher of which first 
brings about a gelation of the soap solution followed by a s(HH)nd- 
ary liquefaction and then a separation of the dehydrated soap 
from the dispersion medium (a solution of the alkali liydroxid 
in water). The effect of such fixed hydroxids is regularly attrib- 
uted to increases in alkalinity,” “ increases in hydroxyl ions ” 
and the vaguer concepts of adsorption ” and “ permeability.” 
It is obvious that all such explanations are inadecpiate, for with 
enough ammonium hydroxid at hand any degn^cs of '' alkalinity ” 
or any number of '' hydroxyl ions ” ought also to b(H 5 om('. avail- 
able to bring about the effects observed with the fixed alkalies, 
yet, when ammonium hydroxid is used, these effects newer do 
come about. The reason is that through interaction of the potas- 
sium (or other) soap with the ammonium hydroxid, ammonium 
soap is formed, and this is more soluble in water than the original 
potassium (sodium or other) soap. The system as a whole 
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beconien “ colloid,” approxi 2 iiat(*s nunt^ nearly a “true” 
solution, and hcncc* its viscosity can only ffdl. 

The sHinc^ general efTtaU <if the ninnuuiiuin radiiad is still appar- 
ent wh(*n inst<‘acl c»f anunonitnn hydroxid sonu* salt lik(» ammonium 
chlorid is add<‘d to j)otassium <»ltaite: Isei^ Fig. 71 and Tablt* L). 
Here jigain an initia! in<’reaH<‘ in viscosity is to Ik* (dmcunaul. Sinet*, 
however, ammonium chlorid is th(‘ salt of a wc*ak base with a 
stronger acid the Hta'omlary (dTt‘ct of an ov(*rplu8 of acid fmiiH‘d 
through hydrolysis also ap]H*aix By meams of this acid, fatty 
acid is lilau’atiNi from tlie soap and then nunains emulsified in 
the Hoaf). A third elTecd is ex<u1e<i in (his illustration hy the* 
unchaiigiHi ammonium eltlorhl and the lunvly fonm‘d p<»taHsium 
chlorid which i»xert a dehydrating i»fTeet (mv. Inflow) upoii b<Uh 
of th<‘ soaps. 

Thew‘ idi^as may Is* ftuiluu' verifkal by using ammonium 
acetate, d'hen* is still tio |M‘re«‘ptible initial inercnisi* in viscosity, 
and Hinc(‘ tlu* salt tiHe<l is more nearly neutral, fatty acid is not 
Bcd fn^e. In the higher eoncentratitins of this salt th(‘ soap meu'ely 
Beparat(*s ottt in the usual fashion. 

(2) *4 Jttrnird Irsa aolnhlr in, and n ptHtnr mlvvid far, ihe 

dinpersion rnrdiiitn. I'his is ohs(*r\a*d whtm magnesium, (*alcium, 
iron or coptwT salts arc* ntithai to a solutitni of iKdassium (or 
sodium) (4eate. Tnder tlH*w* eircumstiiiiees, too, the systcuns 
as a whole again h(‘eom<‘ moo* Inpiid, though it is not in this 
instancM* heenuw* tin* soaps foruMsl are naa-e solulde in the* sohamt 
or mom hydra! able* hut heeausi* tliey an* less solubles and less 
hydratahle and s<^ fall out, allowing the* vistamily of \\w pun* 
solvent (essimtially salt wat(*r) to com<* to the* front. In con- 
trast to th<* syHt<*mH descrilHsl und(»r (I), these* n^gularly 

milky (»r wdiite* while* fla* form(*r iKuaime mom trarmpare*nt (unle‘ss 
some He‘e*ondary change* like* the* lila^ration of fatty aedd in e*!nulHi- 
fie^d form su|M*rve‘ne*H), 

(3) 77ic change in kind of mmp ih twgligihlc or there is nofie at 
all. This happe*nH, for e^xatnple, whe*n potassium hydroxiel or 
a neutral potassium salt is adde*d to a tKJtassium soap. Fnele^r 
these cireumstance*H, with inetmasing camcentration of the acl<i(*d 
Bubstance^H, all the^ c*hange*H d«»H<*ril>{*(I in the^ ahena*- (^XfK*rimentB 
are se^en to oc*cur. The*re is, first, an inemasc* in viscosity whief), 
if the amount ejf the solvent is not too gmat, msults in gedation, 
followed by a secondary lieiuefaction resulting ultimately in com- 
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plete separation of the anhydrous soap from the dispersion mediurr 
Since the nature of the changes seen under these circumstance 
covers the question of the theory of the “ salting-out '' proceg 
in soap manufacture (as well as that of the salting-out proceg 
in many other lines of chemical industry), and since many attempt 
have been made to explain these changes, it is well to interrup 
our general argument here to review s\ich theories, as far as the; 
are known to us, before proceeding further wit-h suggestions c 
our own. 

b. Historical Remarks on the “ Salting-out ” of Soaps. F. Hoi* 
MEiSTER ^ recorded in 1888 what seem to be the first, quant it.ativ 
studies in this field when,Jn studying the “ wat.(‘r-attracting 
powers of various salts, he determined the minimal (H)nc(mtration 
in which they would bring about the separation of a soap fror 
its aqueous dispersion medium. P'inding that th(‘. ordinary mixe^ 
soaps gave inconstant results, he set out to discover tlu^ lowe^- 
concentrations of various sodium salts necessary t.o bring abou 
a beginning turbidity in solutions of sodium oleate. In d(^t(^rmin 
ing this point he noted that his soap solutions freqiumtly jelliec: 
F, Botazzi and C. Victorow ^ detailed, some twenty ycai*s later 
the effects on viscosity of adding sodium hydroxid to a Marseille 
soap solution. Their soap (in essence sodium oleat(0 had bee: 
dialyzed and contained in consequence free fatty acid aird wha 
is commonly designated, since the work of ¥. Krafi-'T and B 
WiGLOw,^ acid soap.'^ ^ Addition of sodium hydroxid to sue' 
dialyzed soap was found to be followed by an increase in viscosit; 
which at higher concentrations of the alkali gave way to a decrease 

1 Franz Hofmeister: Arch. f. exp. Path. u. Pharm., 25, 6 (1888). 

2F. Botazzi and C. Victorow: Accad. Lincei, 19 (1910), accesHihle onl 
as review in Kolloid-Zeitschr., 8, 220 (1911). 

3 F. Krafft and H. Wiglow: Her. d. dent. chem. Gesell., 28, 2566 (1895' 

* If it is true, as generally supposed, that the fatty acids are monobasic ; 
becomes a difficult mental maneuver to figure out how a partial saturatio 
of the replaceable hydrogen is going to yield an “acid” soap. While th 
concept is widely accepted, no one has ever isolated such an acid soap an 
the only reason for believing in it seems to depend ufron the fact that a clea 
solution or jelly may be obtained when a fatty acid is only partially neutralize 
with alkali in the presence of small amounts of water. But these are the idet 
conditions for the production of emulsions, the emulsions in this case consistin 
of fatty acid in hydrated soap. When the indices of refraction of fatty aci 
and of hydrated soap lie close together the mixture looks homogeneous. Se 
Martin H. Fischer and Marian 0. Hooker: Science, 48, 468 (1916) 
Fats and Fatty Degeneration, 29 and 100, New York (1917). 
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J. W. McBain and Millh'knt Tayu)K ^ oh8<‘m‘d the name facta 
for BCHliuin palnutatc* at i\ Their ** acid” Hodiuin pahniiate 
wm firat rend«‘n*d inc»n‘ colloidal by tlu*. adtiition of mHlium 
hydn)xi<l and waa tlaan aalttai out t*ntin‘ly in conoentrationH of 
the hydroxid above 1.5 nonnab 

F. (lOLOHOHMiDT and L. Wkihhmann * alno ntudied the changes 
in viHcosify of potassium soaj> solutions wlwn varioiiH electrolyt<*s 
wen^ a<hle<i to tluan. With incnaising concent rati<m of the adde<{ 
salt, th(\v obscuTCMl a marked iucnaisi* in visccwity with a stnmg 
tendeiH'y to jelly.'’ hi a later study** they verify this finding 
for tlu‘ ammonium soap of palm kernel oil wlam various fiydnixids 
or milts an* ad<ied to it. Ib^cently i\, H. A. C’low^kh^ lias cor- 
robomtcHl tht«e giuiernl findings for sodium oleatc*. Hc» writer: 

“Na oleatc was treatisl with salt at difTer<*nt cunciait rat ions, and it 
was found that at .1 to . I5M Nh( 1 c(»inplcte prec’ipitaiimi of the soap 
t(M>k place. It was n<a<‘d, however, that prior to precipitation a tendency 
to jelly formation was exhibitisl in the s^one fnan .2M Na(1 to .4 or 
.45M Nn('l. . . . Further using varying pro|M»rt ions of soap, vary- 
ing; pro|K>rtions NaOH, and at Nu(1 ami ttther Halts i*f Na !>rought 
out the remarkable fact that as long us the si>up (iuphwHl was n<it t<M# 
greatly dilut<sl ami was slightly alkaline, a jelly Wisild l«» h^nmxl at all 
jK>intH lM*tween ,2M Na am! .45M Na, regardh%H of whether the Na 
was derivtsi from NaOH, from Nu('I or other salts of Na.” 

The explanations which the various authors offer of the phe- 
nomena obsmwed if they mak(^ the attempt at all an* for the 
most part, extnunely complicated. We conf(*Hs to large inability 
at times to umh^rstand just what they mc^an, for not only <lo the 
diffenmt authors (’ontradict (*ach oth(*r hut iludr individual con- 
cepts ofti*n mdf-contradictory. As w(dl as wo can umlemiand 
them, their vk^ws an* about as follows: 

Hofmkihtkh d<H^H not attempt to aecoimt for the jelly for- 
mation at all, but considers the sc^pamtion of the soap from the 
aqueous (liH{H*rHion medium as due to th(* ” water-attracting 
power” of the add«*d salt. Th<^ soap, la* holds, is deprived of 
its Bolv(*nt lMH!aus<* th<* added salt combines with the solvent. 
This notion of HorMKisTKK has Ikmui mutdi dispaniged, but we 

^ J. W. McBain and Miixicent Tayuir: Zcitschr. f. physik. Chem., 7®, 
179 (1911). 

®F. (iou>H<‘iiMniT and L. Weissmann: i^dtschr. f. Klcktna’hcm., 18, 
(1912). 

* F. CiOLimdiMim* and L. Weihsmann: Kollc>id“Zi*it«*hr., 12, 18 (1913). 

* G. H. A. Clowes: Proc. Soc. Exp. Biol, and Med., IS, 114 (1916). 
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are of the opinion that such a change^ otanir and that it 
partly responsible for th(‘ lyhenonuaui ol)H(‘rvc‘d in thi^nn eolt 
systems. 

Botazzi and Vk’TOHOW hold that, the addition of alkali 
their dialyzed, “acid soa]) ” h^ads to tlu* formation of neut 
soap “which splits hydrolyti(‘ally. The niol(H‘ult\s ])olymer 
with the formation a triu^ colloid soluticai et»ntninin|^ micella‘ a 
^colloid ions,’ which then lead to an iiHa'<*ase in viscosity Ihtui 
the water of the system is lu^ld inon* firmly tlinaiKh hydrati 
or imbibition.” 

McBain and Taylor,^ whili^ originally insistent tluit th 
studies “ undoul)tedly proves in ojjposititai to the view of Kraf] 
that the normal soaps in eonc(mtrat<‘d Holuti<m are iiot <‘<dloid 2 
conclude later,- and m()r(‘ eorn'ctly w(^ think, when working wi 
sodium palmitate (at 1)0®) in (1 h‘ pres<‘nee of sodium hydrox 
that they have in hand systcans “ in n^vetvibh^ <ajtnlihritim c( 
sisting of electrolyte, hydrosol and eoagtdum.” The im'n^ast^ 
colloidality obsciwed in th(‘ir s(udi(*s tlu'y attribut(\ in mu 
to the formation of “ acul i)almitate.” 

Goldschmidt and Weihsmann hold that a satisfai’toiy (*xp! 
nation of the changes in th(‘ vis(*osi( y of tlaarsoap under tlu^ inti 
ence of alkalies and salts is still a mat ten* t)f t!a* futun*. Th 
emphasize as factors of possible worth (‘hang(*H in tlu* hydn^y 
cleavage of the soap and the formation of a(*id scaip, though h( 
such factors act they do not say. 

Clowes’ hypothesis reads as follows: 

dispersion of Na oleak? in water r(*prm‘ntH a tlis|K»rsion of partic 
of oleic acid by means of NaOH. Further additions ()f XaOlI lead t< 
more perfect dispersion of the soap i)articlcs, (»wiag to tla* fact that t 
OH ion is more readily adsorbed than th<‘ Xa ion. Na( '1 cxcTts a siini 
effect to NaOH, the Cl ions exerting a disjM*rsing cfTcct analogous ti 
of the OH ions, but since they an* far less readily adsorlasi than t 
OH ions their effect is considerably smailcT. . . . Hie soap partic 
possess a negative charge attrihutahh^ prwumaldy to a<iHorlH‘d anio 
This charge prevents their coalescence until the concaudration of 1 
Na ions reaches such a point that they also come* into play and hy adso 
tion on the particles tend to counteract or diminish the negative* clia] 
conveyed by the previously adsorlKKl OH e^r Cl ions. Whe*n a eertj 

^ J. W. McBain and Miuucknt Tayw^e: Bar, d. de*ut. chean. Gesedl., 
321 (1910). 

2 J. W. McBain and Millicent Tayloe: Z(*itHchr. f. physik, Chern., 7 

179 (1911). 
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concent rat iuii of thi^ cation ih rf‘aeh<Hl a eriticiil zone coiiimences in wliich 
jelly fornmtiun or pr<*<‘i|iitatifai a|)|H*ars t<i tlepenci eiitin»!y u}K)n the rela- 
tive jm^portion.H <»f luthorfHHi cattons aiul anions. If at the eoiuiiieiice- 
nient of thin eritical /one tin* n’^itinal negative ehargi* ... is .Hiiflieieiit 
to niaintain a |MTfect distM*r***ion , . . jelly fonnatimi will c*nsin* at higher 
concentrationa. If thin n*^i<iual negative clmrge ... is insullieienf . . . 
if agglutination, aggregation niai MHliinentitfitai under tin* influenc’e of 
gmvity has already eomnieneed. pn*eipifnlion neeeHMtrily ensues at 
higher {•oneoit rat ions. ... If at the eritiea! |Munt the Mun total <»f 
atlHorlHai anions i^ not sulheieiitly in t^xeevs of that of adsorlH*d entioiis to 
insure {H*rfei*t disiHTHion. prec-ipitation itmtead td jelly fonnidicui ensueH. 
This {‘Xplains the iiereH^tty for a eerfaiii tniniinuni ecuiceni ration cd XaOll 
with its readily adsorin't! Oli ions to insure jelly fornmtitui in tlie east* 
cit(al alM»v(v’' 


T\w eontrndiet<>ry natim^ cd the explnniitinnH lien* reviewed 
m H(df“indd<‘nt . '!'<» i^auire the pro|«*r C'uowkk holds that 

the Boap niMHt Iw* ** alkaline to phenolphthalein.** Oiir own soap, 
which in practice worker! (piite like his, was prepan*d by adding 
to each oth(*r the clHUiiicnlly etpiivahuit Wfughts of fatly acid 
and alkali necewary tc* yield a nentnd soap. In tht» eonnui- 
tratiouH in whicdi we ernphwed our sttmk Hoa}) it wuh not alkaline 
to ph(*noIp!ithalei!t. 31ie same kiial cd soap Hto(*k or oia* inon* 
decidedly ** aedd ” was eniploycai hy all tin* other HludentB in 
thin fi(*Id. In facd. it would H<*ein that, with the c*x<a*ption of 
Clowkh. the innj(»rily <d observen^ had incliraal t<» tin* ladiid that an 
overplus (d atdd in tlndr soap systenm was neet^HSHai^ for an under- 
standing of the visc-ohity ehnng<*H. N<*v<Tthe!(*HB, and indefauid* 
ently (d all hypotheniH, thf»r<* in n*|Kirted tlimughout tin* ex|M*ri™ 
mentH (d all tliew* w<irk«u>c I ineluding our own) the mune m|uc*nce 
of ol)8(*rved facds whicdi lias Ihhhi dowui in detail in tin* pn*™ 
ceding pagi*H, naiin*ly, an initial inereaHt! in viBcosity n^milting 
ultimately (when the soap syatcun in not tcwi dilute) in gelation, 
followed by a dec'ixuiHc* in viHconity and a gradually incmiHiiig 
dehydration and complete m*pHmtion <d the Hoap. 

c. On (he llieory of (he “ SaldngHml of Smtpn, We n*fraiti 
from a ded ailed criticiKUi (d tlie view^H cd I hew. authors. It is 
self-apparcmt how all too oin*-Bi{h*d notiorw of jelly formation in 
soaps (lik(5 the cdtadrical) munt come to gritd ns soon as it ih rcunem- 
bered that stich jellien may la* prcHiiKaai from non-aqueous HolviuitK 
and anhydrous soaps and under circdmistarn*c^s wdiieh allow of 
none of the orthmlox conditions deemtal necc‘.«si.iry for the develo|>- 
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merit of electrolytic disso- 
ciation.^ The importance 
of alkalinity or of “ hy- 
droxyl ions disappears when 
ammonium hydroxid is found 
incapable of doing what po- 
tassium hydroxid or potas- 
sium chlorid does; the al- 
kaline/^ neutral ” or acid 
character of the original soap 
stock can hardly be of funda- 
mental importance when all 
three are seen to exhibit the 
same general behavior to- 
ward added substances. 

If we attempt to explain 
the successive changes which 
follow the addition of fixed 
alkali or a neutral salt to 
potassium oleate (or any 
similar soap), and try to do 
this without recourse to too 
many or too violent assump- 
tions, the following seems the 
simplest way out. 

The entire series of changes 
observed ' in the salting-out of 
a soap by an alkali or a salt 
is readily understood if it is 
assumed that the added neutral 
salt or alkali hydroxid unites 
with the solvent to form a 
hydrate or solvate and that the 
consequent viscosity changes 
{including gelation) are de- 
pendent upon the changes in 
viscosity observed whenever one 
liquid is emulsified in a second. 




^ See the preceding sections (pages 30 to 77) on soap/alcohol and soap/a; 
systems. 


THE (X)LU)llM,.iiEMlHTRV OF 


llf> 


It not mat tor fi»r our whothor Hurh union with 

tho “ Holvont ’* in hnniglif alnnit l>y tho molinniloH or lla^ unm or 
any othiu* {k‘rivalivoH of tho milt. 7'hr rndvaten (hudraiim) after iH-iug 
formed then Hejfmrate md in dtHiHreed form in the paimnium tdmle, 

Diiigrammatioiiny tho maaMwivo rharigoH an* illuatriitod in 
Fig. 74. If, to Him|)lify mat torn, wo ropromuit tin* ortginiil pum 
potam^ium oloat<* aolution m a homogoniaaiH HyHt4*m * m iialioatotl 
in A of Fig. 74, tju* ofTort of adding Homt^ moloculon of fixial ^ 
alkali or milt may rt*|m*m*ntiHl l>y tho dingriiiii markod /I 
Hydration of tht^ mdt moh*ruli‘H hiia two olToota: Cl) It with- 
draws wmtor from tho <iriginal |H>tfim4ium systom and thus thnmgh 
ineri*am^ in tho oonroutration of thi* |Miiaimiuni oloato tomlH to 
stiffen tlu* systom. But thin idTect is pnihalily not larg«» as rom- 
partMl with C2| the ejfretH upon rim'omiy of (he dinpermim of one 
material in a mrond. I'ho incmam* in vinrosity duo to surh mils* 
division of one material in a maamd is ohm*r\aai under widely 
varying einnimstanees. A gtsMi exiunple for our pur|K,w*s is that 
n'premmted hy the inen*am* in viscaisily when one licpiid fhke 
(;ottonm*ed oil) is emulsifieti in a maaimi (like a soap solution i. 
The ** mayonnaim* ** whieh results may Iswome ho stiff that it 
will staiHl alone. But the smut* ty|H* <4 ehange is t>hs<*r\*ed when 
a dry sand (whieh Hows " rtnuUly) is mixtal with a little water 
and a mass rt*sults that ean In* moltled, FiVen a gas sulHli%ddec! 
into a licjuid will yit4ti sueh ** solid ’’ Htruetim»s as when air is 
Inmien into a litpiid whitt* of egg to yitdd a “ foam/* 

The viscosity tff such diphasic* systems and it is well to l«*tir 
in mind, in the east* of thi*. soa|)S, rnort^ partieularly diphnsie 
systems consisting of one lic|ui<l diH|s*m*d in a Hi*eon<i or of a 
solid dis|M‘rstal in a litpiiti ■■inen»ast*s with every iiien*ai*<* in the 
concentration of tht? intt^rnid tHsiM^rmai phasi* and with evi*iy^ 
deen^uuM^ in tht^ of tlie individual dis|swHi |>articlt»H. llie 
viscosity of an emulsion of liquid oil in liquid soaj), for instanee, 
inertmstw as mon* and mon^ oil is Ixmtim intcj the mmp; on the 
other hand, with a givt*n amount of oil sulahvidinl into a given 
volume of soap tht^, viscosity of the mixtun! is invir«*iii4i*d if the 
previously coarm*, emulsitai is made finer hy ** hoim^uiiring/* ^ 

^ It m at leiwt a diphasic system m empha#ii«fiil tm fwgt* 1111, I ml fi*r cmr 
purposes wc will tmll it a monophaiiic one. 

* For ndereiiccs t<» the literature and «jHa*ific studiiw the emukwaw mm 
Martin H. Fischer and Marian O. Hchiker: Hckinw?, 4S, 4tW CHIlttl; Fata, 
and Fatty I>6generation, New York (1917). 
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It is such increase in the nuinlx^r of hydratcni Halt parti(!l 
with increasing concentration of th(^. addcxl Halt that <*xplai 
the progressive increase in the viH(‘osity {me dijtgraru T) vvhic 
when the amount of water in the systcau is not tcK) liigh, eulii 
nates in gelation. If the concentration of th(^ salt in ntill furtl: 
increased, the time approaches when tlie ninnhcu' or mie of t 
hydrated salt particles becomes so gnuii. that ihey tou(‘h en 
other (diagram D). When this happ(u\*s a critical point li 
been reached and there must appc^ar a (‘hanger in tla^ systcan, i 
the hydrated salt particl(\s now b(‘(‘om(‘ tlu^ continuous vxterf 
phase while the soap partickvs form th<^ internal divided phu! 
Such change in type of emulsion even without (‘hange in t 
quantitative relationship of the two li(|uids composing the em\ 
sion is regularly followed l)y a chang(‘. in vis(!OHity. This situati 
is indicated in tube E of Fig. 74. Thc^ viscosity of tht^ systc 
now tends in the direction of thci salt solution and so, with pi 
gressive additions of salt, falls. This is tlu^ n^gion of statonda 
liquefaction after the region of g(4ation in our (^xpe^rinumts. 
this point, however, the soap sys(,(an also shows t,h(^ fiivt (‘vickau 
of becoming turbid. This is b(auuiH(^ mor(‘ and mon* watca* h 
been taken from the soap and as this Ixatonu's d(4iydrat(Hl 
index of refraction changes. Bcung difhu-cmt from that of t 
dispersion medium the mixture ai)p(au*s milky. 'Phe dehydrat 
soap particles, being posBCssed of a low(‘r spixufut gnivity th 
that of the alkaline solution or salt solution const.itut.ing t 
dispersion medium, now begin to float to t.he t-op as in<li(*at 
over F in Fig. 74. When enough salt has Ixum added to t 
system, the soap is entirely dehydrated, as shown in diagram 

/ 

3. On the “Salting-out” of Different Soaps 

The preceding pages have made clear tlx^ gemu’al laws win 
underlie the salting-out of a soap by different salts. We ha 
now to consider the question of how different soaps Ixjhave wh 
subjected to the salting-out effects of a single salt. 

^It is self-evident that what has been here written of the saltingx 
process as observed in soap manufacture holds with ecpial force for the saltii 
out processes of many other technological procedures iis in aniline dye, chec 
and butter manufacture. For the application of these principles to cerb 
phenomena of ^‘coagulation” as observed in milk, blood, muscle juice, el 
see page 233. 


THE CMlLyillWlIKMlSTHV OF HOAm 


117 


There have many afialien iuad«w)f thin (iiamtion, hut for 
the most part they n€er to the saltinj^^nit. (d luixed Boaps as 
obtaim‘d froni dilTf^wait mixed fntK. Under sueh eireuiimtama's 
we am ohvioiwly ileiding with the BiiItiuK“<nit of a m*rwH of soapsd 
We have Imiui alih* to fimi oidy a siujile Htntement eovcuin^ tJi(‘ 
salting-out of diflereiit |nin* Boiips |jy u siugle salt. (!. Stikpkl- 
exaiuiuetl the ladiavior of tlie Brnlium stmpH of (*a|miie, heptylie, 
eapiylie* fKiiirgimie, eiiprte, laurie* !iiyristi(% paliuitie aud Htearit; 
acids towards wilutiofiB of faimmoit mlt. While* HOtliuin (‘aproatc* 



was not salted out by ii satumPal solution of sodium chlorid, 
and the aueemliiig four waips remained geiatinouB, th(^ la.umt(% 
myristate, paliiiitate and stimmte proved ** inBolul>!e ** suec(*ssiv(*ly 
in 17.7 |M*rtami (Sil2 molar), tl.lKI js^reent (1.54 molar), i>Ahi 
percent (L19 molar) and 4.112 pmamt {0.B4 molar) solutions of 
sodium chlorid. 

Thc«! viduiis have Immu'i ve^rific^d by E. J. Keonac’Heh/'^ wliosc* 
findings for a it*ries of fiodium salts am reproduced in Fig. 75. 

*Bee for exuinple, J. LKinnOarKE: Techfailogin tier Stiife, 1, 14, Drewirn 
(1911). 

^ (]. Stiepei,: W«yr« Kiit»i*li<4irifteii *. cheiii. Tisde, 1, MS, I^iprig 1 1911). 

^ li. J. KRcwAeiiiE: Peimiiial coiiimuaicmticin (1920). 
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Molar equivalents of the different sodium soaps (1/ 10 rnol) wei 
dissolved in equal volumes of watcT (UKK) ee.) ami who 
brought into homogeneous solution at. tht‘ ttaniKU’atun^ of a hoiliii 
water bath. Enough salt was tluai addtul at t lu^ higli t<^m{Ka*atui 
so that on cooling the mixture to 18*^ C. a first s(^i)aration froi 
the pure dispersion medium (salt water) was obscuTtMl. It. wi 
be noticed that as the acetic siries is ascended^ a lower and lowi 
concentration of sodium chlorid is required to bring about sui 
separation. While in th(^ eomumt rat ions of soap employtM 
sodium caprylate did not coined out in even a saturattai (ov( 
5 molar) sodium chlorid solution, sodium stc^arab^ s(^parat(‘d froj 
the dispersion medium wluai l(‘ss than a 1 molar sodium ehlori 
concentration prevailed. 

A second series of expcu-inuaits t.o illust.rat<^ them g<‘nen 
truths is presented in Table LV and Kig. 7<). Whil(‘ th(^ arrange 
ment in these exi)eriments is intcuaknl for use undtu- anotla 
heading later, the fiiulings fit in at this i)oint. Tlu‘ (^xiHU-inuur 
show the effects of adding the sanu' vohim(\s of in(*n‘asingly e.oi 
centrated sodium hydroxid solution to (‘(luinu^lar amounts < 
the different fatty acids of tla^ a(udi(^ s(U’i(‘s, only t hose imunhei 
being used in which soap formation takers pla(’(^ at ordinary rooi 
temperature. (Soap is produced, in other words, by t.h(‘. so-<!alle 
cold process.) 

Fig. 76 and Table LV show that only e.k^ar solutions ai 
obtained in the case of formic, and ne.eAie acids. At th(^ san; 
molar concentration, sodium propionate biggins to Ini saltc; 
out in the higher concentrations of tlu* sodium hydroxid. A 
we pass to the sodium butyrate, sodium val(»rat(% sodium caproati 
sodium caprylate, sodium caprate and sodium laurat(% fhci Halting 
out effect moves little by little trO t.he kfft. TIk‘ (^xiKuimer: 
again shows therefore that a soap of the acetic series is salted oi 
with increasing ease (by sodium hydroxid^ in. this instance) as u 
ascend the series. 

Fig. 76 and Table LV illustrate, how(W(^r, a scHJond point pre 
viously commented upon. It will be obseuwe^i that, bc^innin 
with sodium butyrate and going up in th(^ cluani(‘al s(‘ries onc^ c 
more tubes are filled with solid gels. This is IxKjaust^, m we ascen 
the series, soaps of an increasing gelation capacity are prodiieec 
The final picture seen in the photograph is th<‘refore th 
composite represented by (a) the production of soaps possesse 
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by themselves of an incraisini? gelafion capacity ami (h) of 
increased sensitiveness to the saltiiiK-ouf cdTcct l)y an cxc(-» 
sodium hydroxid. 


TAIU.K XXVI 
Fotahhium Olkatk 


Concentration of mixture 


lCcriwfk» 


(1) 5 cc. potassium olcatc 49 cc. 

II 3 IM 1 cc .5 n 

(2) 5 cc. 

*• bHcc. 

•• f2cc *' 

(3) r>cc. 

•* 4 7cc. 

* * f It cc. * ' 

(4) 5 cc. 

‘ * i 0 cc. 

** f 4 re " 

(5) 5 cc. 

“ f 5 cc. 

* • f 5 cc. ' ’ 

(6) 5 cc. 

“ }4cc. 

• * I «l cc * ' 

(7) 5 00. 

•* 1 3 cc. 

•• t7cc " 

(8) 5cc. 

* ' f 2 cc. 

' • i H fC ” 

(9) 5cc. 

‘ • H cc. 

•* i 9 cr, •' 

(10) ncc. 

*• i lOcc. 

5 « K< III 

(11) 5 oc. “ 

** jlOcc. 

ild 1 (controU 


. I.nintil 
I ( Id 
I ( ***l 

Itctjirming tichysifflitjon nml i 
ration 

wt i»tn atnl i 

» tt! «**n 

Inrtfttninu «le|a*«lriiiiMit suul i 
riiti«»n 

i •iehy«i*aHun Hiui i 

^ raitMii 

IncrmumK 4**l»v«Jinf nm uhhI i 
ratnui 

t*irri4f *trhv»l»atton anti m\ 
l»«»n 
: Mtthile 


TAHLK XXVn 

PoTAHHUTM Olkatk iS'iw/iJim Ihjfimrul 


Concentration of mixture. 


Ilcrrt»rk» 


(1) 5 cc. potassium oleate +0 • ^ Htf) f t) ♦"> <*«', h n Nat »f I 


( 2 ) See. 

(3) o cc. 

(4) 5cc. 

(5) ' 5cc. 

(6) 5cc. 

(7) 5cc. 

(8) 5cc. 


+ 9 cc. 
+ 8 cc. 
f7 cc. 


M rc '• 
■f2 cc. '• 
fli cc *' 


4*0 cc. *' i 4 cc, ** 

-45 cc. *’ 45 cc, ** 
”410 cc. 5 n HaOH 
• 410 cc. IlaO Ctvmtroi) 


. Ltquni 
lAtjUul 
iU4 

riehv*lriitn»n and i 

ration 

s IficrwwinK «leiiy«tr»!ir»n amt i 

I 

j Ificrctming tidiysiraf ion anti j 

fJmtt lidiytlratiou »n<l »C| 
lion 

M*»bile li*|Uiti 
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TAHLK XXVtU 

I*oTAHHn*%i ( M.KATK Anitnttumm llndTorid 


( ‘ont'Mtfraf i(»u t»f ttunturr i Hfinurks 


( i } f> <*r. 

IMftllitfMJlu ulrulr j !♦ rr 

IIiU i 1 ri- :»n 

Mohili^ litiuiii 

(2) f» rr 


* ■ i H rr 

■ ■ 4 2 I *' • ' 

Mohilr liiiuitl 

(2) ft «•«' 


• ■ ! 7 fM- 

" 4 2 IT ' ■ 

Muhilf liqtjjti 

(4) ftvv. 


• • Mi »r 

• 4 4 ri ■ ■ 

Miiiiitf liquid 

(ft) ftv<\ 


■ • 

" f /» IT ‘ ■ 

Miihilr liquiii 

m r>CH‘. 


• ' S 4 IT 

* ' 4 li rt- ' * 

Muliilr Itquiif 

(7) f»w. 


• ‘ Ml .•*' 

• * 4 7 I'l* * ' 

Muliiln liquiti 

(H) ft ri\ 


• • f 2 

' ■ f H IT " 

Mululr liquid 

W 


■ ft f. 

• ' 4 0 I'f ‘ ” • ’ ' 

Middlr liquid 

(10) Tmt, 


' ■ 


Mulu!** liquni 

(11 » ftrr. 


’ 1 ItMr 

H{( 4 iriiritriiH 

1 -Mtdulr liquid 




I \hm: XXIX 



PoTAHHil \i Oj.KA'i^. PaiftHNium Flmtriti 




(1) 5 «*C\ JKitlMirtlum id**»tr I 0 IT Hy«» 

t 1 IT 2 111 K 1 

(2) f> t'lv 

♦ H IT ' ■ 

4 2 I’l- • ‘ 

(2) ft vv 

" '• 4 7 ir 

4 a I'l* • ’ 

(41 ft vv 

" ' 4 li IT 

4 i IT " ” 

(ft) ft «T, 

• ' ” » :» rv • ' 

4 ft IT • ■ " 

(0) ft iH\ 

*• ” 4 4 i’i> 

4 eiiT * ■ ’ ■ 

(7) f) w. 

' ' ' ' f a IT ■ ’ 

» 7 IT 

(8) ft w. 

♦ • • ' ^ 'j ' ■ 

4 H IT * • 

(9) ft cc. 

•’ ” 11 IT • 

4 !4 < r " ' * 

(10) fi cir 

** '■ ♦ lU IT 2 III 

KF 

(11) 5 ec. 

'* .» 1 lil IT Hi<Mmfi(rid4 


Himui* k*» 


Hiightly 

HfifI 

k *4 

V»«%i‘s4, turbnl 

HJighfly vw'xl, luihul 

tsirhiti 

uiTt 

ithvtvmmg 
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(1) 5 cc. potassium oleate+9 cc. H20H-1 cc. 2 m KCl 

(2) 5cc. “ “ +8cc. “ +2cc. “ “ 

(3) 5cc. “ “ +7cc. “ +3cc. “ 

(4) 5cc. “ “ +6 cc. “ +4 cc. “ 

(5) 5cc. “ “ +5 cc. “ +5 cc. “ 

(6) 5ce. “ “ +4ce. “ +6 cc. “ “ 

(7) 5cc. “ “ +3cc. “ +7cc. “ “ 

(8) 5cc. “ “ +2cc. “ +8cc. “ “ 

(9) 5cc. “ “ +lcc. “ +9cc. “ “ 

(10) 5 cc. “ “ +10 cc. 2 m KCl 


(11) 5cc. 


+ 10 cc. 2 m KCl 
+ 10 cc. H 2 O (control) 


Mobile liquid 
j Viscid 
Stiff gel 
Stiffest gel 
Stiff gel 
Viscid 

Less viscid, slightly turbid 
Mobile, turbid 
Mobile, turbid 

Mobile, turbid, beginning dehy- 
dration 
Mobile liquid 


TABLE XXXI 

Potassium Oleate — Potassium Bromid 


Concentration of mixture. Remarks. 


(1) 

5 cc. i^otassium oleate +6.0 cc. H 2 O+ 4 .O cc. 2 m KBr 

Stiff gel 

(2) 

5 cc. 

“ +5.0 cc. 

“ +5.0cc. “ 


Stiffest gel 

(3) 

5 cc. 

“ +4 . 0 cc. 

“ +6.0 cc. “ 


Less stiff gel 

(4) 

5 cc. 

“ +3.5 cc. 

“ +6.5 cc. “ 


Less stiff gel 

(5) 

5cc. 

‘ ‘ +3.0 cc. 

“ +7.0CC. “ 


Markedly less stiff 

(6) 

5 cc. 

“ +2.5 cc. 

“ +7.5 cc. “ 


Markedly less stiff 

(7) 

5 cc. 

“ +2.0 cc. 

“ +8.0 cc. “ 


Markedly less stiff 

(8) 

5 cc. 

“ +1.5 cc. 

“ +8.5 cc. “ 


Markedly less stiff 

(9) 

5 cc. 

“ +1.0 cc. 

“ +9.0CC. “ 


Beginning dehydration 

(10) 

5 cc. 

“ +0.5 cc. 

“ +9.5 cc. “ 


Increasing dehydration 

(11) 

5 cc. . 

“ +10cc. 2 

m KBr 


Marked dehydration 

(12) 

5 cc. 

“ +10 cc. H 2 O (control) 


Mobile liquid 




TABLE XXXII 





Potassium Oleate — Potassium lodid 

Concentration of mixture. 

Remarks. 

(1) 

5 cc. potassium oleate +8 cc. H 2 O +2 cc. 2 m KI 


Slightly viscid 

(2) 

5 cc. 

“ +7cc. ‘ 

+3cc. “ “ 


Stiff gel 

(3) 

5 cc. 

“ +6cc. ‘ 

+4cc. “ “ 


Stiffest gel 

(4) 

5 cc. 

“ +5cc. ‘ 

+5cc. “ “ 


Stiff gel 

(5) 

5 cc. 

“ +4cc. ‘ 

+6cc. “ “ 


Viscid 

(6) 

5 cc. 

“ +3cc. “ 

+7cc. “ “ 


Slightly viscid 

(7) 

5 cc. 

“ +2cc. “ 

+8cc. “ “ 


Slightly viscid 

(8) 

5 cc. 

“ +lcc. ; 

+9 CC. “ “ 


Beginning dehydration 

(9) 

See. 

“ +10cc. 2 

m KI 


Increasing dehydration 

(10) 

5 cc. 

+ 10 cc. H 2 O (control) 


Mobile liquid 
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TAIILK xxxni 

Fc»tahmh^m iH,r.hrr, Pottinmum NitnUe 


< «<f liiitf uff j Hi»niark«. 

Cl) fMT. itiriilr Ml***’ lifli | I «*r m KNClj , Mtihilf* U«iuid 


Ci) 

1 H *-r 

•• I2rr *' •• 

MiiWIf* linuid 


(3) 5 rr. 

■ * 1 7 

' ■ M4 *'(* ’ • ' * 

Ifttiuid 


141 fMT 

* • ■ ' f II rr 

•’ 14 rr. '* '* 

Iiirrrwiing viuridity 


C5) 5*-r 

» ft ri* 

1 ft rr 

IftrrrMliig viwldtty 


ffi) fMn* 

• • 1 1 rr 

• • f II rr ■ ■ 

liirrritwitiig viwriclity 


17) fiVV 

1 :i «T 

^7 rr " 

Irirfr»n»n]« vbridity 


fW hvv 

i ;* rr 

’ • » H rr ' ' 

h»rrf*a»in®: vliridity 


im 3 rr 

" M rr 

' Ml rr * ' 

(Irl 


CH)I hrv 

* ’ ’ ' t III rr m K Xl h ] 

i Jrl 


(lit »■*<• 

*’ I III r* 

' Hill sr«»iiir»4) 

Mrdiilf* liiiidd 




T VlUJ: XXXIV 




FlItA^Hlt' 

VI C ll.KATK l*nf(inmum NitnU^ 



f ’mfjrrtilf «»l ttlittfittr i 


Cl) ft 

«»|r#ilr 1 11 rr 

IM M 1 rr 1 m KNc 4* 



C3) ft rv 

’ ■ ’ • 1 » r»' 

’ • # rr ” 

( *id 


Cil ft 

" ■ ' ■ i 7 rt' 

’ ' 1 ft .=r " 

Huff 


(1) /i f*r 

Ml rr 

' • 1 1 rr ’ • 

Hitn iti’i 


(ft) ft rt- 

' “ ' ‘ 1 ft rr 

• ■ ? ft rr " 

V' j#iid 


(d) ftrr 

■ ’ 14 rr 

* ■ Mi rr ' ■ 

V lurid 


(7) ft <"«• 

‘ ’ ' ' f ft rr 

■■ * 7 rr " 

LriNs vimriil 


(K) ftrr 

• ' i 2 rr 

' • * H rr * * 

l»r«i vmritl 


CfH ft 

•’ ' I 1 rr 

• ■ M.) rr ' ’ 

vifirid, fryidalHjifttion 

of 




KS(h 


(10) ft«n- 

"• ■■ iHiri 

i m HSili 

Iffws viwiii; 

of 




KNOs 


( U ) ft **»• 

1 lllrr* |1?<I CrtifilfMlI 

firiuld 



TAill.K XXXV 

F*>TAHMirAi OLEATr, -■ P^immum Sulphttci^uatr 


f ‘iirirrnir»*iofMd minltirf’ 

ItrifiMirkis- 

(U 

ft rr, 

inttHminm »dr«l.r 

f II rr 

Ilfll ♦ I rr m KC’NH 

Xfiihllr liquid 

(21 

tft rr 


t H r«’ 

■ f 2rr '• •“ 

Miibilr liinitd 

(31 

ft rr 


1 7 rr 

* f.Irr ’• ’* 

IrirroMtifiK vluridity 

W 

ft rr 


1 li rr 

•' ♦ 1 rr ” ’• 

hirrrawirtg vbridity 

(ft) 

ft rr. 

' * 

1 ft rr 

’ ’ 1 ft rr ' • ” 

Inrfrasing viiiridlty 

(CD 

7i rr 


1- 1 rr 

" 1 14 rr ” ’ ' 

liirrriwiiig vbrklity 

C7) 

.ft rr. 

' * * ' 

f 3 rr 

- * 7 rr •* •* 

(Sri 

CK) 

ft rr 


f 2 rr 

1 « rr •• *’ 

Htiff ««»! 

m 

ft rr, 


1 1 rr 

'• Ml rr •• *• 

Hi iff trl 

urn 

ft rr. 


1 It) rr 

m KC’KH 

Stiff 

(U) 

ft rr 


1 Iff rr 

Itfll Irtmlndl 

Mobil# liquid 
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SOAPS AND PHO'I’KINS 


TAHLK XXXVI 

Potassium Oleatk--/'o(hk«i»w Sulphix-iKnmIr 


Concesntration of mixture. Ht»nmrk« 


(1) 

5 cc. potassium oleatc+O.Oco. Ha04"4.0oo.2 m 

KCNH 

Stiff Kol 

(2) 

5 cc. 


“ +5.0CC. 


+ 5 .O 00 . “ 


Stiff gol 

(3) 

5 cc. 


“ +4.0ec. 


+ 8.0 00 . *• 


Low* ntif! ijol 

(4) 

5 cc. 


** +3.500. 


4 8,5 00. “ 


I.ofws of iff «fd 

(5) 

5 cc. 


“ +3.0 00 . 


4 7 Ooo. *• 

$ » 

ViHoul luiuid 

(6) 

5 cc. 


“ 42 . 500 . 


1 7,500. •* 


\'inoi«l H«iuid 

(7) 

5 cc. 


“ +2.0 00 . 


{ 8 Ooo. *' 


Litptid 

(8) 

5 cc. 


“ + 1.500. 


} 8 5 00 , •' 


Littuid 

(9) 

5 cc. 


“ +1.0 00 . 


19 Ooo. “ 


I.i<iuid 

(10) 

See. 


“ +0.5 00 . 


ft), 5 00 . *' 


Littuid 

(11) 

(12) 

5 cc, 

6 cc. 


“ +10 00 . 2 ni 

“ +10 00 . HsO 

K(^NB 


Litpud 

Mtdulo liiiuid 


TAULK XXXV!I 

PoTAHHurM ( )hKATK --P(>taHmum Siilpfuhryannif 


Concfint.ration of mixtun*. 




(1) 6 cc. potassium oloato 4-0.0 (*('. H*() 4*4 . Ore. 4 m K(' 


NH 


(2) 5 CO,. 

(3) 5cc. 

(4) 5cc. 

(5) 5cc. 


“ +5.000. *• +5.0 00. •' 

“ + 4 .O 00 . “ +0 (loo. 

“ +3.500. " +0 5 00 , “ 

“ +3,0cc. ** +7.()oo. •• 


(6) 6 cc. 


*' +2.5cc. *' +7,5oo. 


(7) 5cc. “ ** +2.0cc. ** +8.0cc, 


(8) 5cc. 


“ +1.5CC. *• +8.500. 


(9) 5cc. “ “ +1.0co. “ +9.0cc. 


(10) 6cc. 


+0.5cc, +9.5oc. 


(11) See. “ “ +10co.4mKCN8 


(12) See. 


+ 10 cc. HsO (“control) 


'rurhid, li<iuid 
Turbid, litjutd 
Turbid, liquicl 
Hogiuuiujj; tiohydriiiton 
Inoroaaintc dohydration w 
dooroaw* in nmount of mmp 
and itjoroaiM^ in o<»nar of do 
dratofl iK»ap 

Inoroaaing dohydration w 
ilooroaao in ainoufd of m 
go! anti inrroaar in otdlar 
tiohydratod aoap 
InoroaaiJus tlohydration 
dooroaat' in amount of it 
Kol anti inoroaw in oollar 
dohytiratoti aoap 
Inrrofwing dohyiiration w 
tloorottin' in anitHHit of ioap 
and inoronai* in otdlar of do 
dratod »t»ap 

InoroawinK dohytiration a 
dooroaao in irutnml of aoap 
and inoroaao in otdlar of dt? 
dratod »t>ap 

Inoroiwinjg tlohydration ^ 
dooroimo in amount of atmp 
and inoroeuwi in otdlar of de 
dratod »t»p 

Incroaaing dehydration v 
dooroaao in amount of »f>ap 
and inoroaao in collar of de 
dration soap 
Mobilfs liquid 
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TAIlI.F. xxxvni 

PinAmivu Olfatk A retail 


\ 



C’o«wiifr»t»»»n f»f miitturt* 

fiamirk* 


(1) 

l«»taM!»um f 0 *’«' IIt<* f 1 «*«*• w KC*iHi<h , 

IkiuhI 


(2) Ser. 

•• fM«nv 

'* t 2 rf. *• 

Mabtlii !tf|uid 


(3) ^ <'<'■ 

• • * ’ 1 7 «*r 

’ ‘ *3 rt* " ’ “ ; 

Vi»rtd, i^hfhUy tur hiii 


(4) Are. 

* • ” 1 tl 

• ’ M • • 

Ms»r*» vwi-hI Mild turbid 


(5) 3 fT, 

• • ' ’ 1 .1 rr 

' ' < 5 rr* ' ' ' ’ 

Huft» turbid gri 


(6) Sfi'. 

** ** 1 4 rf 

‘ ’ f ft fr ” ’ ' 

littgitiftirig dr*hydfMt«m 


(7) 

* • • * 1 3 rr 

• • 1 7 rr * ‘ * • 

Iri«-^rf*Miurtg dtnhytlrMtum 
urMtbui id whit« w»m|»- 

with 

(g) gef. 

* * * * 1 2 ra 

’ • i K f r • ’ 

lftr»r(p»®iiuug dr*bydrMlu»n 
arMlitut «»f wbitu 

with 

(0) 

* • * ’ i 1 rr 

’ * t 0 fr’ ‘ ’ 

Iftr'r^Msiing drhydfMtbm 
urMlbut Ilf whiff* iwtiM|» 

with ii#i»- 

(10) 

*• ** M» *•*' 

»» KtMtidH 

IiirrfMjiirjg df*h ydrMt ion 
nrMtiim i>f whit<» lumi* 

with •*»!>» 

(U) 

'• • ■ 1 HI rr 

IM 1 

Mobile )ii|uhi 



TAll!,K XXXIX 

PwASMiFM Oi,r,ATF fhfmimmam tiuipknte 


<*«np«fntri»tifm of mixture 

H^rniirkii 

(1) gw jMitaMMliim oil’ll f 

f 0 w 

H»ti f 1 w m 2 KiWh 

Mobdr btptld 

(2) g w. 



1 n w. 

■ ’ i 2 rr • ' 


Mobilr bquld 

(3) g w, 



t 7 rp 

" 1 :t rr ' • 


lUriUld 

(4) g w 



1 ft rr 

* ' 4 4 rr ’ • 


!4<|uid 

(g) gw, 



I' g rr. 

'■ fgrr ’* 


!nrmi«jfng vi»ridiiy 

(6) gw, 



1 i rr 

” 1 ft rr • ‘ 


I nr wiisin.it vwndity 

(7) gw, 



1 :i w 

" 4 7 rr '* 


Iiirmwing: vi«trldiiy 

(8) grf. 



1 2 rr 

• • f H rr ” 


InrrriMsHif vterldity 

(0) gw. 



I 1 f*r 

” H»w " 


Cirl 

(10) Sw, 



t HI rr 

til 2 KfH<h 


Cirl 

(U) 5w. 



■f HI w 

HfCI (rommll 


Xfobilr liquid 
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SOAPS AND PROTEINS 



TABLE XL 

Potassium Oleate — IXpoUissiurn Tartrate 


Concentration of mixture. 

(1) 6 cc. potassium oleate +9 cc. HaO-fl cc. m IV2C4H40fl 

(2) 6 cc. “ “ +8cc. “ +2cc. “ 

(3) 5cc. “ “ H-7CC. “ +3co. “ 

(4) 5 cc. ** -f-6 cc. “ -|-•4 cc. 

(5) 5cc. “ “ +5cc. “ +5cc. “ 

(6) 5 cc. “ “ +4 cc. “ +0 cc. “ 

(7) 5cc. “ “ -h3cc. “ +7cc. “ 

(8) 5cc. “ “ -1-2CC. “ +8cc. “ 

(9) 5 cc. “ “ +1 cc. “ -j-0 cc. “ 

(10) 5 cc. “ “ -}-10 cc. m KjC4n40fi 

(11) 5 cc. “ “ -{-10 cc. HsO (control) 

TABLE XLI 
Potassium Oleate — IHpotasidum Phosphate 


Concentration of mixture. UctniirkH. 


(1) 5 cc. potassium oleate -|-9 co. HaO-fl oo. m KjiHP04 

Mobile liquid 

(2) 5cc. 

‘ ‘ 

“ -i-8cc. “ 

4-2 oc. “ 

Liquid 

(3) 5 cc. 


“ 4-7 cc. “ 

4-3CC. “ 

(Hear viseul liquid 

(4) 5cc. 


“ 4-6 cc. “ 

4-4 CO. “ 

(Hear stiff gel 

(5) 5 cc. 


“ 4-5 cc. “ 

+5 00.“ 

Turbid lit|uid 

(6) 5 cc. 


‘ ‘ 4-4 cc. ‘ ‘ 

+ «cc. “ 

Turbid litjuid 

(7) 5cc. 


“ 4-3 cc. “ 

+ 7cc. “ 

Turbid H<iuid 

(8) 5 cc. 


“ 4-2 cc. “ 

+8co. “ 

Begi n ni ng dehydrat ion 

(9) 5cc. 


4-1 cc. “ 

+9 cc. “ 

Greater dehydration 

(10) 5cc. 


“ 4-10 cc. m 

KsHPf)4 ! 

Greatest dehydration, dispersion 
medium milky 

(11) 6cc. 


“ 4-10 cc. HjO (control) 

Mobile liquid 


' TABLE XLII 

Potassium Oleate — Tripotmsium Citrate 


licniarkB. 

Mobile li<iuid 
Li<iui(i 
Viscid li(iuid 
Cel 

Stiffcst fi:cl 

Cel 

Cel 

Viscid li(|ui<l 

Li<iuid 

Liquid 

Mobile litniid 


Concentration of mixture. Kcinarks. 


(1) 

5 cc. potasium oleate +9 cc. HsO + 1 cc. m 

KaCeHfiOT 

Mobile liquid 

(2) 

5 cc. 

“ “ +8cc. 

“ +2cc. “ 


Liquid 

(3) 

5 cc. 

“ “ +7cc. 

“ +3cc. “ 


(Hear gel 

(4) 

5 cc. 

“ “ +6cc. 

“ +4 cc. “ 


Clear viscid liquid 

(5) 

5 cc. 

“ “ +5cc. 

“ +5cc, “ 


Clear liquid 

(6) 

5 cc. 

“ “ +4cc. 

“ +6cc. “ 


Turbid liquid 

(7)’ 

5 cc. 

“ “ +3cc. 

“ +7cc. “ 


Beginning dehydration 

(8) 

5 cc. 

“ “ +2cc. 

“ +8cc. “ 


Great dehydration 

(9) 

5 cc. 

“ “ +lcc. 

“ +9 cc. “ 


Great dehydration 

(10) 

5 cc. 

“ “ + 10 cc. m KsCeHtOr 


Great dehydration 

j (11) 

ii 

5 CO. 

“ “ +10co. HaO 


Mobile liquid 
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TAItl.K Xl,iri 

PoTAKHifM (»i.KAT»; -/'irfjMMMm Hyilrtixiil P Piilaiiinum Chlttrid 




Hpmarki. 


CD 

5 fill* |iKita«ii«iin *4rair 

t 'J rr ft n K< til 

i 7rr 

IMi t I rr Hi KC*| 

nm «td 

m 

Bw. 

f 'J rr 

t lirr 

f 2 rr ’ * ' ’ 

Htll! «rl 

(31 

fl «'!' . 

Upp. 

i ;? «'!' 

^ 'J vr 

i ft rv 

i 1 rr 

f 3 rr ” ' ■ 

Huff gf»l 

(4i 

i i rr ' ' ’ ' 

Huff 

m 

Sw. 

1 rr • ' 

f 3r»' 

t ft rr " ” 

l^m «tiff g»k ilightiy 
turbid 

m 

5w, 

f ;? !•»’ " 

1 "Jvr 

■ " ♦ fi r«* ■ ■ " 

I>fH*rrMiingly itlff 
slightly turbid 

(7) 

B <w. 

t 'J rt‘ ’ ■ 

♦ 1 rr 

' ' * 7 rr ‘ ■ 

DrrrrMingly stiff 
slightly turbid 

(Hi 

BtHh 

♦ 'J rr ” 

i Hrr 

niKd 

1 

Uw^rrasingly stiff 
slightly turbid 

m 

ft rf 

« » » r ' ■ 

1 Hrr 

ll»i# (iri»|itf«4l 

(Ir! 

(i0» 

Bpp, 

i in «‘r Ii,< * ir^ 

tnifoli 


; Miibdr li<|ukl 


TMU.f: XIJV 

FfrrAHnti'M * ■ I*t4mmum il^tlrand i Ptdmmtm (*hhrvi 


i 'nHrpultmtum *ii tnikturr 


(D 

ftrr. iHitawnium iiIrMlr | 'Jrr 

III »4 hi ill i 7rr 

Cil 

ft rr. 

■ ,Jr.- 

• ' Mi rr 

cii 

ft rr , 

' ■ • ■ * 'J r r 

eft rr 

(41 

ft r«. 

■ ' ’ ■ * 'J rr 

' ■ t 4 rr 

(ft) 

ft rr. 

*’ •' M?rr 

t ;irr 

C«l 

ftw, 

• ' ’ • M’ rr 

t "Jrr 

(71 

ftrr, 

'■ f'Jrr 

♦ 1 rr 

(HI 

ft rr. 

' ' ' ' t 'J rr 

t H rr 

CDI 

ftrr, 

" ” t 2rr 

* ■ i Hrr 

CIO) 

Bm, 

" '■ flOrr 

• IMtironfndi 


|{pr*mrkis. 


IliUf Jrr m Kcn 
t I'*’ 

t- (I w ‘ ‘ 

" 

♦ ' ' " 
Ml t’»i ’ ' * ’ 

' ’ » 7 r«* • • ’ * 

III K <1 


cl«hyA 

(IrMtiuti 

C H’l, Inwiuiiig , lirhy™ 

drutton 

Url, ii*rri»Ming dehy- 

Uf«J, d^hy* 

dmikm 

CJrJ, imwtoiiif df»by- 
dr Utkin 

(iri, iiMWiwifii didiy* 
drntifin 

Url, Inm^iwinK drky- 
drntkifi 

Markwi drhydmtion 
and 

di’ftr gfd 

Miiiiiki linnid 
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SOAPS AND PROTEINS 


TABLE XLV 


Potassium Ole ate — Potassium Chlori(l-{‘Potassimn Hydroxul 



Concentration of mixture. 


Ucmarks. 

(1) 5 CO. potassium oleate4-2 oc. m 

KCl + 7 OC. H 3 O + 1 CO. 5 n KOH | 

Viscid 

(2) 5 cc. 

* * -|“2 cc. * * 

“ +0 cc. 

‘ * +2 01* , * ‘ * * 

Htiff gcl 

(3) 5 CO. 

“ +2 CO. “ 

“ +5 CO. 

“ +:icc. •* ** 

Stiff gcl 

(4) 5 cc. 

' “ -h 2 cc. “ 

“ +4 CO. 

** +4 CO. “ 

Less stiff gel, begin- 
ning dehydration 

(6) 5 CO. ‘ ' 

‘ “ +2 cc. “ 

* ' +3 cc. 

“ f.'icc. •• 

Increasing dehydra- 
tion aiui separatioix 

(6) 5cc. 

‘ “ -j -2 oc. ‘ ‘ 

* ‘ +2 cc. 

" +0 cc. “ ** 

Increasing dehydra- 
tion and separation 

(7) 5 cc. 

‘ “ +2 cc. “ 

‘ * +1 cc. 

" +7 cc. * ‘ 

Increasing dehydra- 
tion and separation 

(8) 5cc.- 

‘ ‘ ‘ +2 CO. ‘ ‘ 

*• +Hcc. 

5 n KOH 

IncreaHing dehydra- 
tion and separation 

(9) 5cc. 

‘ “ -|- 2 cc. “ 

“ +8cc. 

HaO (control) 

Mobile litiuid 

(10) 5cc. 

‘ “ +10 cc. HaO (control) 

Mobile li(juid 


TABLE XLVI 

Potassium OiSKATK—Potassiurn IlydrorUi'^-Sodium (Idorid 


Concentration of mixture. j liomarkH. 


(1) 

5 OC. potassium oleate+2 cc. 5 n KOH +7 cc. 

HtO + l cc.mNaC’l 

Btiflf gel 

(2) 

5 CO. 

* ‘ +2 cc. “ ‘ * 

+ (i cc. 

' ‘ f 2 cc. “ ‘ ' 

Htifif gel, slight tur- 
bidity 

(3) 

5cc. 

‘ ‘ +2 cc. “ ' * 

+ 5 cc. 

•• face. •• *• 

Htiff gel, slight tur- 
biility 

(4) 

5 CO. 

“ +2co. “ “ 

+4 cc. 

*• +4cc. “ “ 

Htiff gel, slight tur- 
bidity 

(5) 

5 cc. “ 

** +2 CO. “ 

+3 cc. 

•• +5cc. “ “ 

Htiff, gel slight tur- 
biility 

(6) 

6 CO. “ 

“ +2oo. “ “ 

+2 CO. 

“ +d cc. " " 

Clel with lw*ginning 
dehydration and 
sejraratitxn 

(7) 

5 00. 

“ +2 00.*' “ 

+ 1 cc. 

+7cc. *• •' 

( treat dehydration 

and separation 

(8) 

5cc. 

“ +2 00 . ** “ 

+8 OC. m NaCl 

Clreat dehy<lration 

and separation 

(9) 

(10) 

5cc. 

5cc. 

' “ +2 oc. “ “ +8 oc. HaO (control) 

“ +10 cc. HaO (control) 

Viscid 

Mobile li(|uid 
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TABLE XLVII 


PoTABSiUM Ole ATE — Sodium Chlorid+ Potassium Hydroxid 




('(jijoentration of mixture. 


Remarks. 

(t) 

5 cc. pota«aiumol<*ate"|"2 oc. rn 

NaCl 

4-7 CO. HsO 

4-lcc. ftnKOH 

Viscid 

(2) 

5 cc. 

4" 2 cc. * ' 

‘ ‘ 

4-0 CO. “ 

4-2 00. “ “ 

Stiff gel 

(3) 

5 cc. 

“ 4*2 cc. “ 


4- ft CO. “ 

4-3 cc. “ “ 

Stiff gel, slight tur- 
bidity 

(4) 

r» cc. 

* ‘ 4"2 cc. “ 


4-4 cc. ‘ ‘ 

+ 4 cc. “ “ 

Stiff gel, beginning 
dehydration and 

separation 

(ft) 

5 cc. ' * 

“ 4-2CC. “ 


4" 3 cc. ‘ * 

4* ft cc. “ “ 

Increasing dehydra- 
tion and separation 

(6) 

ft cc. 

' * 4" 2 cc. “ 


-f 2 cc. “ 

4* ft cc. “ “ 

Increasing dehydra- 
tion and separation 

(7) 

ft cc. 

’ ' f 2 cc. ' ‘ 


4-1 CO. “ 

4-7 cc. “ " 

Increasing dehydra- 
tion and separation 

(H) 

ft cc. ' ' 

* * 4-2 cc. * * 


f 8 cc. ft n KOH 1 

Increasing dehydra- 
tion and separation 

(ft) 

ft cc. " 

• * 2 cc. * ‘ 

* * 

4-8 00 . HjO (control) 

Mobile liquid 

(10) 

ft CO. “ 

“ + 10 cc. HtO (control) 


Mobile liquid 


TABLE XLVni 

PoTAHHUTM Oleate — Potassium Chlorid 


Ooncontration of mixture. 

Remarks. 

(1) 5 cc. iwtamslum oleate 4*9 cc. Hj()4“l cc. m KCl 

Liquid 

(2) ft cc. 

*• “ -4-8 cc. “ 

4-2 00. “ “ 

Liquid 

(3) ftcc. 

" " 4-7 cc. “ 

4“3cc. “ •* 

Liquid 

(4) ftcc. 

" “ 4-ftco. “ 

4-4 oc. “ “ 

Slightly viscid 

(ft) ftcc. 

" “ 4*5 cc. “ 

4*ft cc. “ “ 

More viscid 

(ft) ftcc. 

“ “ +4 cc. “ 

4-ft CO. 

Gel 

(7) ftcc. 

“ “ 4-3 cc. 

4-7cc. “ “ 

Gel 

(8) ftcc. 

** '' 4-2 cc. “ 

4-8 CO. " “ 

Stiff gel 

(0) 5 cc. 

* ‘ “ f 1 cc. ' ' 

4-0 cc. *• 

Stiff gel 

(10) ftcc. 

“ “ 4-10 cc.m 

KCl 

Stiff gel 

(11) ftcc. 

" '* 4“ 10 cc. HaO (control) 

Mobile liquid 
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SOAPS AND PROTEINS 


TABLE XLIX 


Potassium Olkatk— ChlorUi 


Concentration of mixture. 

ItcnmrkE, 

(1) 5 cc. potassium oleate+9 cc. HaO + l cc. m NaCl 

Liquid 

(2) 5 cc. “ “ -|"8 cc. “ CO. 

Li<iuid 

(3) 5cc. “ “ +7 CO. “ +3(s*. “ “ 

Slightly viiicid 

(4) 5 cc. “ “ +t) cc. “ •4-4 cc. 

(Jcl 

(5) See. “ “ +r)cc. “ +5cc. '* 

(Jcl 

(6) 5 cc. “ “ +4 cc. “ 4-« cc. “ 

(id 

(7) 5 cc. " “ +3 cc. “ -f 7 cc. “ 

Letts viscid gel 

(8) 5 cc. “ “ +2 cc. “ cc. “ “ 

Beginning dehydration and sepii 


ration 

(9) 5 cc. “ “ +l cc. “ fft cc. “ “ 

Increnactl dehydration and «apa 


ratiori 

(10) 5cc. “ “ 4-lOcc. mNaCI 

Increa«ed dehydration and sep» 


ration 

(11) 5 cc. “ 4-10 cc. HaO (control) 

Mobile liquid 


TABLE L 

Potassium Oleatk — Amtmmmm (Uihrui 




Concentration of mixture. 

Uenmrka, 

(1) 

5 cc. 

potassium oleate4-9 co. Ha04"l W'.* m NIUC’l 

Mobile, slightly turbid U<}uid 

(2) 

5 cc. 

“ “ 4-8 cc, ' 

‘ 4*2 cc. “ 

Mobile, slightly iurbiti litpiid 

(3) 

5 cc. 

“ “ 4-7 oc. ‘ 

‘ 4*3 cc. “ “ 

Mobile, slightly turbid li(pud 

(4) 

5 cc. 

“ “ 4-0 oc. ‘ 

' 4- 4 cc. “ ' ‘ 

Mobile, slightly turbitlluiuid wit 
progrc^tmively thicker collar 

(5) 

5 cc. 

“ “ 4-5 CO. ‘ 

‘ 4*5 CO. " “ 

Mobile, slightly turbid liquid wit 
progresaively thicker collar 

(6) 

5 cc. 

‘ ' “ 4-4 oc, ' 

' 4-0 oc. “ “ 

Mobih', alightly turbid liquid wit 
progremively thicker collar 

(7) 

5 cc. 

“ " 4-3 cc. ' 

‘ 4*7 CO. “ * * 

Mobile, alightly turbi<l liquid wit 
progressively thicker collar 

(8) 

5 cc. 

“ “ 4-2 cc. ' 

‘ 4*8 oc. “ “ 

Mobile, slightly turbid liquid wit 
progressively thicker collar 

(9) 

5 cc. 

' ‘ “ 4- 1 cc, ‘ 

‘ 4-9 00. “ " 

White mobile liquid 

(10) 

5 cc. 

“ 4-lOcc. m NHtCI ! 

White mobile liquid 

(li) 

5 cc. 

“ “ 4- 10 cc. HaO (control) 

Mobile liquid 
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TAMI.i: I.I 

(•ktahmii'M Oi.katk Miti/mnium Chhrui 






(1} ftrr 

irnitmmtmH *4r»lr ♦ !♦ r^- 

IlH* f i rr m urn 

Mtibib liquid 

(21 

* n t-r 

* ‘J vt' 

I4ltghlly rltmdy 

0} A<t 

’ ’ ■ ' * ft rr 

^ U rr 

Miibib ifiiiky liquid 

(41 ft «•«’ 

’ • » Hi «-r 

tH Hm 

Mtddiit i»»ilky liquiti 

m 

• ■ ’ ■ » M rt 

IH<i rf tti 1*1 MgCli 

1 milky liquiti 

0) fM*r 

• “ ■ ' » ft rr 

** ft 1 r 

1 Thlt’k mtlky litiuid 

(7) ft tv 

» Hi rr 

ut Hi \ig< 4i 

! Tldt*k qdlky liquid 

(KJ ftrr 

•'I ItJrr 

II H 

i Mtdulf littuid 



1 kiu.i: 

1 'ofirrtilr «**«♦»» »•< 

IJI 

Vt$leium i'hkmd 

\ 

i ItitiimrkM. 


CU ft*’*’ 

silmfss * M rr 

lid 1 1 1 rr III 

Miirr liquid tlmri t'liutrul 

(*i) ftrr 

It n m- 

1 ‘J rr 

Htiitir whilr iiriviHititlt* 

01 ft tv 

’ ■ ’ ' 1 ft rr 

s ft rr 

' liirfrwiitg mmnmt 

td whitit 




lurrqntMitr 


(41 ft tv. 

” t ilirr 

tn l««i < a! ii 

: Itirrrjituug nmmmt 

t»f whit<» 




lirmiuijain 


(ftj ft rr 

^ H rr 

lid * f j * *■ iM 

^ liirrrMftiUK mtimml 

of whtl<« 




' Hfrrqufulu 


(*ll ft rr 

' " ' ' ^ ft rr 

» .ft rr 

. Xtilky whit** 


(7! ft rr 

♦ Ilirr 

tu Hil lit Ii 

Fluid w-Rtr-r 


(K) ftrr 

' ’ ' ’ ♦ III rr 

lid* irw»td»»»H 

Mtduir liquid 
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TABLK LIII 


Potassium Oukate — Cujrrv ChUvrUl 




Concentration of mixture. 


Heinarks, 

(1) 

5 cc. potassium oleate+ 9. 99 cc. HjO-fO.Ol 

cc. m (+i( -It 

Olaar liquid 

(2) 

5 cc. 

“ +9.8 cc. 

“ +0.2 

cc. “ “ 

Turbid liquid 

(3) 

5 cc. 

“ +9.5 cc. 

+0 5 

cc. “ “ 

More turbid liquid 

(4) 

6 cc. 

“ “ +9.0 cc. 

•• 1,0 

cc. * ' ‘ * 

Milky liituid 

(5) 

6 cc. 

“ “ +8.0 cc. 

“ +2.0 

cc. ' ‘ 

Dry nianwcM <if copj>cr «oap 
swimming in free tliMpeision 
inatiium 

(6) 

6 cc. 

“ +7.0 cc. 

•’ +a.o 

cc. * ' * ’ 

Dry masses u( copper soap 
swimming in free diapersion 
me<iium 

(7) 

5 cc. 

“ “ +0.0 cc. 

“ +4.0 

cc. ' ‘ * ' 

Dry maw«’a of copper soap 
swimming in free tliaperskm 
incilium 

m 

5 cc. 

“ “ +5.0 cc. 

•* +5.0 

cc. " ' * 

Dry maaat^a of copper soap 
swimming in free tliapejiion 
medium 

(9) 

6 cc. 

“ +4.0 cc. 

+0.0 

cc. " ** 

Dry inatMca of copper aoap 
swimming in free diatembn 
mtHliurn 

(10) 

6 cc. 

“ “ +a.o cc. 

“ +7.0 

cc. ‘ ‘ 

Dry mwi»t»a of «;%>f>pi'r soap 
swimming in free dispersion 
intHiiiim 

(11) 

5 cc. 

“ “ +2.0 cc. 

+H.0 

cc. ' * * ' 

Dry maww of copier soap 
swimming in free dispeiaion 
medium 

(12) 

5 cc. 

'• “ +1.0 cc. 

“ +9.0 

oc. “ ** 

Dry maaai^ of eopper soap 
swimming In frec< diiiieision 
medium 

(13) 

5 CO. 

“ “ +10 cc. m 

C!ufMa 


Dry rnaiaea of copper »oap 
swimming in free diaiiersion 
medium 

(14) 

5 cc. 

“ “ +10 cc. HjO (control) 

Mobile liquid 
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TMU.K I. IV 

Pol'AMsn M Oi.k.wk f'rrrir Cldirriil 


<’«*!»< « Ilf 




(21 on* 

CiJ f»rp 

(41 f*t*r 

(f>) Tmt 

(111 rMV 

( 7 ) nr.* 

(Hi n 

(in n.'.' 

(i(n r. 

fin n.-r 


t n . . mu . I . . lit iniu «^“h 

» S IT ’ ? J vv 


.Mil' ■ ■ » I It, 1(1 FrUL 


I (I »-«• ■ ' » I I'l- Hi h'pi ”1> 


I H » I i ’J »'«■ 


» .1 ri* 


t H I'f 


« tu . . mu 


Tufbkl liiniid. 

Iuc*rra*4ugly turhlil luiuid, su»- 
of iiuTriwIng 

missr 

Iae‘ri*iwiiiKly turhUi liquid, «uii- 

)*t*itd{’d jnu'tirim of iiuTruHing; 
PUP 

IiUTPiuiagly turbid liquid, nufr* 
tMUuit'd (wr(i(*lim of iufmwiug 

PUr 

luripuuinMly turbid li.juid, »u»- 
|>nrttrb'f» «>f inprriuiiug 

!*»«' 

ltii'ti*iu.)ugl,v turbid liquid, luu- 
l»*'ndrd |»itr(t(*Ip» of iiiprPMiug 

J»UP 

Itrddub rougubtiti of inu) »oii,p 
fliuiOug ill frmi di)i|H*r»io(t 

iio*dmtu 

Utsbbpli rouguhtm of iron mmti 
flout mg in fiptnl diN{M*rMion 

ntodniiti 

Ifpdduh rottgubitu of itoit tump 
fi.iuting in frrrd dmpprfdou 

tnrdtiiin 

Itpdduh pougiiluiit of iron iioikt» 
flout itig in fmui dmiHH'uiott 

luodtuiu 
Mobdr bijuui 
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TAB 


Gelation and Saitino-out ov Vakiouh Fat 


Mol. wt. 

Fatty acid. 

Amount 
acid used 
in Krams 
(Vea mol). 

Condition of mixtxircH after 

24 hovu'H up 

n 

2 n 

1 

3 n 

4 u 1 

- - i 

46 

Formic 

0.0727 

Clear liquid 

Ch^ar li(iuid 

('lear lixpiid 

( ’lear li<juid 

• 60 

Acetic 

; 0.0948 

“ 

“ 


j 

74 

Propionic 

0.1169 

“ “ 

“ “ 

* * * * 

( « • • 

88 

Butyric 

0.1390 


f .. 

“ 

1 .. .. 

102 

Valerio 1 

0.1612 

.. .. 

.. .. 

.. 


116 

Caproic 

0.1832 



I. 

•• 

144 

Caprylio 

0.2276 


.. 

*. 

SoH«i whiter 







soap 

172 

Capric 

0.2718 

.. 

Solid white 

Soli<l wliite 

Partly 





soap 

Hoap 

suited uxit 

200 

Laurie 

0.3160 

Solid white 

Solid white 

Solid white 

(’ompletely 




soap 

soap 

soap 

salted out 

Tube number 

1 

2 

3 

1 ^ 


Solid wl 
»(>ap 


CoinpltM 


aaltod < 
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LV 

Acid— Alkali Mixtluks of thk Ai’ktk’ Skuikh 


at 20“ of 5 Hoclium of tho foilowiiig concontnitionM: 


0 n 

7 n 

H n 

0 n 

i 

10 n 

1 

11 u 

12 u 

HsO 

Clear lifiuid 

( 'Uyir Ii<pnd 

( ‘lent’ li<{uid 

1 

j 

;( Ic'ur licptitl 

Clear litpiid 

Clear Ihpihl 

Clear liquid 

Clear liquid 




.. 

Slight Halt- 
ing out 

Completely 
salted out 

Completely 
salted out 



‘ * * * 

* • • * 

VitM’id white 
soap 

Slight salt- 
ing out 

Completely 
aalteal o»it 

(Cortkpletely 
Halted out 

“ 

“ .. 

Vim'id white 
wjap 

I hu t ly 
Malte<l out 

(*f>mpletely 
Halte<l out 

Completely 

Halted out 

Completely 
salted out 

(IJoinpletely 
Halted out 

M 

Viacitl whitt' 

\‘iwid white 

Viseid white 

Solhl white 

Soli<l white 

Solid white 

Completely 

Acid float- 

aoap 

soap 

HOHp 

soai) 

soap 

soap 

salted out 

ing on 
water 

Solid white 

Solid white 

Partly 

( 'oitipletely 

Comi)let<*Iy 

Completely 

(Completely 

Acid float- 

Houp 

MtHip 

salte*! ot»t 

snitetl otit 

Halted otii 

Halt(‘<l out 

salted out 

ing on 
water 

CJomiiletely 

( 'omplelely 

< 'omi>letely 

Completely 

Completely 

Completely 

(Completely 

Arid float- 

Halted <»ut 

Mtilfe<l out j 

j HHlt<‘<l out 

salted out 

Halted out 

Halted out 

salted out 

ing on 
water 

(Completely 

('o tuple tely 

(’ompletely 

( 'ompletely 

Completely 

(Completely 

Completely 

Arid float- 

salted out 

salted out 

salted out 

salted <mt 

Halted out 

salted out 

salted out 

ing on 
water 

0 

7 

K 

1) 

10 

H 

12 

Control 
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XI 

THE FOAMING, EMULSIFYING AND WASHING PROPERTIE! 

OF SOAPS 

There is still much debate as to what, is the projauty of soap 
(and similarly acting compounds) whi{di wlum add(id to watc 
favors the production and mahitenaiK-e of foams or (‘mulsiom 
Without first entering upon a discussion of tlu'. tlu'ories whin 
have been proposed, what do the eolloid-chemictal facts outline.i 
in the preceding pages cont.ribute t.oward a possible solutio; 
of the problem? In the sev(u-al seri(is of soaps (h^scribtal we hav 
thus far correlated their chemicail composition and t.hat of th 
various “ solvents ” used wit.h the.m, wit h various physicc 
chemical properties of t.ho result.ing syst(>ms. What is t lai relatioi: 
ship between such a property of a soap as its hydration capacit; 
and its ability to yield a foam; or what is th<‘ ndationshii) Ind-wee 
this hydration value and the produedion and maintcmancc^ of a 
emulsion? A proper answer to tlms(5 (puwlions may prove; c 
help for the solution of that siicondary teiclmological probloi 
which concerns the washing jjropeirtiew of soap, whiedi, as no' 
held by various authors, are intimat.<;ly associateel with its foamin 
and emulsifying qualities. The folloinina parayraphs show Ifu 
the foaming, emvlmfying arul wanking propertien of noapn are 
function, in the main, of their hydrophilic colloid character. Onl 
those soaps foam or emulsify which under the conditions of their ui 
yield liquid and hydrated colloids. 

1. The Foaming Properties of Soaps 

We need to begin these paragraphs by a ehdinition of wh£ 
constitutes a foam. As ordinarily undorat.ood, it is a subdivisio 
of a gas in a liquid. There exist also, how(;v(;r, what, may 1 
termed solid foams, namely, subdivisions of a gas in a solid, i 
in ordinary pumice, but since such solid foams were invariabl 
produced when the now solid phase was liciuid, thesr; arc real! 
only a subclass of the liquid foams. When not otherwise specific 
we refer in these pages only to the liquid foams and the conditioi 
surrounding their production and maintenance. 
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It is of importance lu^xt to distinguish between the production 
of a foam and its maitUemmcc aftor production. Authors who 
have written on tins subject have rarely done so. Mere contact 
between a gas and a foaming agent (kx^s not produce a foarn—the 
gas must be stirred, blown or mixed into it. When we speak 
off-hand of a foam-producung material we nxdly mean something 
which will dabilize the foam once it is produced. 

§1 

In ord(‘.r to discover if any relationship existed between the 
colloid prop(‘.rti(‘s (or mon^ |)arlicularly the hydration capacities) 
of diffcuxmt soaps and their foaming (lualities we chose for first 
study th(‘ sodium soaps of th(^ acetic*, acid scenes. To obtain com- 
parable results, 10 cc. of e<|uimolar solutions of the diffenmt 
soaps were phuxxl in tall t{‘Ht-tulH*H (30 cm.X2 cm.) and shaken. 
In order that, all might t mated (‘(lually from t-he point, of view 
of foam production, all the tub(‘s w(*r(^ clampcul in a frame, the 
shaking Ixnng ('ontinued for thirty s(*conds. For reasons which 
will b(*com(‘ (tk^ar lat4*r, thc^ tem|Ku*atur(^ is an important factor 
and must lx*. watch(‘d carefully. Monxmer, since the systems 
resulting at. any {ix(*d Uxnix^ratun^ when soap/water mixturc*8 
are brought to tlx* d(*sire.d tem|K‘mtum from a higher point differ^ 
from thoH(^ which n'sult wlxm th<y are brought to such temper- 
ature from a lowi‘r onc% all the soap solutions ” about to be 
deBcril)ed w(*r(‘ starhxl at a low tem|xn‘at.ure and then brought 
to the lugher on(*H. TuIx*.b, water and soaps were therefore all 
first reduced to t lie lowest tempcmit um used in these exixjjrimente, 
nanudy, 8® (!. Aft(*r they had nanaincxi at this temi>erature for 
twenty-four hours the profx*r molar solutions were made by mix- 
ing the soaps with the water. After another p<mod (twenty- 
four hours) of standing and (xireful mixture until (apparent) 
homogeneity had berm attained, the tulx^s were shaken violently 
for thirty seconds to pennit of the formation of foam. They 
were photographed after four minutes, then left to themsedves 
for two hours, still in t he thennostat, and photographed a second 
time. After this first series of observations, the tute with their 
reaction mixtures were then warmed to the next higher temper- 
ature, namely, 26^ C. and kept at this for twenty-four hours. 

^ 8©e page 74. 
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After shaking, photograpliing, allowing to rest, and rephoti 
graphing, we repeated the whoUi i)ro(i(‘8H at. 50'' (I and final] 
at 100" C. 

The results obtained in the cas(^ of tlie sodium soaiis of tl 
acetic acid series at the concentration 2 m. an‘ shown in t.lu^ phot' 
graphs of Figs. 77 and 78. Tliis was really an attemiit to di 
cover where in the series and at wluit coiauaitration foaniir 
will begin. At 8" 0. (th(^ low(u*inost row of tulxss in Fig, T 
it is apparent that no foam is fornuul by th(‘ formates aca^tat 
propionate, butyrate or valerate^ of sodium, 'rhm-t^ is just a sUj 
gestion of a foam in the case of tlu^ caproat(% but (*h‘ar formatic 
of such does not begin until tlu^ caprylati^ is n‘a(‘lu‘d. At th 
temperature soaps higher ^ in the s(U'i(‘s fail to yii^ld homogc^iHioi 
mixtures solutions with the water. The mixtures also c 
not foam. The absence of tlu^ tulx^s from tlu^ s(‘ri(*s in th 
and the subsequent photographs (^xprc‘ss(^s this fa(h. 

When the temperature is raisinl t.o ('. tlu^ fimlings an^ mm 
the same except that the caproatc^. shows no signs of foaming ar 
the caprylate less than at the low(u- ttunjx^ratun^. At 50" ar 
100" C. the picture is larg(ily r<^peat(ul t h(^ (‘apiylatc^ alon(‘ foam 
though less than at the lowin’ t.em}>eratur(‘s. Fig. 7H, wliic 

^ These higher soaps take up the water ()fT<a(‘(l Ihcun hut yii'kl nueh vise 
systems that they are practically 8{)li<l. In (MjnH<‘(pien<‘<^, air cannot Ik* (Kisi 
shaken or beaten into them. Just aa in tlu* caH(‘. (»f the* (unulsionH (hik* Mart 
H. Fischer and Marian O. Hooker: Fats and Fatty I)eg(*n(*ration, S 
New York (1917)) the prodiLclion of a foam is Ik Kt accomplished wluai thesoj 
is present in a medium concentration and wlum the* rc*Hulting nystem in ease 
tially a liquid hydrated colloid. At ordinary t.taniK*ratureH th(* soa|>8 of t 
acetic series, especially the higher ones, art* all more solid t*v<m in t 
presence of considerable water, than the Hoafw of tht^ Itm saturatcMi fat 
acids. For this reason none of them is as gtmd a foaming or (‘inulsifyi; 
agent as an oleate, linolatc or otht^r liquid mmp. 

In general, the melting ixants of the soaps of the atxditt s(*ri<*H lie pj 
allel to but above that of their fatty acids. All tlie fatty acids bek 
caproic are liquid near 0® C. or below. (Japrylit*. at‘iti is litjuid at IB.f 
capric at 31.3°; lauric at 43.0°; rnyristic at 53.H°; palmitic at inarga: 
at 60°; stearic at 69.3°; arachidic at 77° C. 

The lowermost soaps of the acetic series an*. solid >le” in water and yk 
liquid systems even at a low temperature. In th(^ mi<klk^ of tin* and 
ordinary temperatures the acetic series soaps yiekl liquid hydrated calk 
systems with water, and are the best foam produ(‘.(*rB. Al>ov(* this th(*y yk 
highly viscid to solid hydrated systems and less favorable onc^s for foam pi 
duction. Rise in temperature shifts the whole arrangement to the right, t 
lower soaps going into the region of the tnie solutions of soap in water a 
thus losing their foaming qualities while the higher ones move from the rc'gi 
of the hydrated solid colloids into that of the hydrated liquid ones. 
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Ficnran 78. 
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shows the appearance of these iriibes two lioiirs indicates 

that the foams do not last. They die down fastest, at. the liigher 
temperatures, the greatest permanency, in other words, l>eing 
shown by the foams produced at the lowm* tempcn'at.unis. 

It is well to state at once what we hold to ho t he relat ionship 
between these findings and our previous (;onsid(;rations of the 
hydrophilic properties of these soaps. The low(‘rmost soaps form 
only solutions in water, they show no hydrophilic, prop(Tties, 
and they do not foam. Sodium capiylate, with its mon^ distinct, 
even though still low, hydrat.ion capacity, yitdds the iimt satis- 
factory foam. It does this best, howev(‘r, at a low tcunperature. 
At this it has its highest hydrophilic valuer To rais(‘ t lu^ t.(^mp(^r- 
ature of this soap/water system is i,o mak(^, th(‘ sodium capiylate 
go into true solution in the water, and as this happiais t.lu^. hy<iro- 
philic colloid properties of the system an^ diminishcul, and, simi- 
larly, the foaming properties. The higlun’ soaps do not foam 
because not enough of them '^goes into solution to yiidd a 
(liquid) hydrated colloid system— th('. water, in otheu* words, 
is either taken up to form an essentially solid mixture; into which 
the air cannot be driven, or t,he soap is so “ insolubk*, ” that 
the water remains free ” and hence there is no lasting foam. 


§2 


It will be noticed that the first foaming qualities in these 
soaps developed in the exx>eriment, just d(^s(U’ilK>id at. the concen- 
tration 2 m. If the experiment with tlu^sc^. soaps is nTwated at 
the concentration m, the previonHly foaming mip.s no longer foam 
while soaps higher in the series which did not foam mno do so. The 
former of these truths is readily apparent if th<^ vertical set of 
tubes marked 7 (the caprylatc) in Fig. 77 is (‘.ompartHl with the 
similarly numbered set of Fig. 79. To explain this finding we 
would say that in the lower concentration of sodium caprylatc 
illustrated in Fig. 79 the soap is more nearly in triu^ solution 
and that the hydrophilic properties of the system arc^ diminished 
in proportion. But the next higher soap, nanudy, sodium capratc 
(the tubes 8 of Fig. 79) foam nicely. At 8® the sodium caprate 
does not foam. Most foaming is obtained at 26®, with less at 
the two higher temperatures 50® and 100® C. 

To explain these findings it must bo recalled i.hat at. the f em- 


THE COLLOID-OHEMISTRY OF SOAPS 


141 


perature 8^^ C. sodiuni caprato is still solid and reaxiains eascnitially 
only ine(diani(^ally suhdividcul in the water. Wheii the tein|X^r- 
aturc is rais(‘d to 2()'' C. tin; “liquefaction’' {xant of the soap in 
water is In this n‘gion most, of the soap is in the 

state of a (lupiid) hydn)philic colloid, least in true solution, and 
the great(^st foam production is in coiiscxiueiKJO manifest. At 
the two high(‘r timqHU’atures a shift in the soap/water system 
occurs in th(‘. dinn^tion of triu^ solution of the soap in the water 
at th(^ (‘X|Kms(^ of tlu^ watcT in the soap fracdion and Ixuuxj t he 
diminished t(*.n<i(m<*y to foam. 

Fig. 79 sliowH w<‘ll how this gcmc^ral law is rejx'ated as we 
ascend in tlu'. soap H(‘ri(»s. Sodium laurate fails to foam at the 
temperatures H" and i'. At 50^ a dcavitUul foatn aiqa^ars 
as evidenecul in the* tulH‘H markcxl 9, the* foaming Ixn’ng incmjiscul 
at 100® C. Sodium myristatc^ fails to foam at the thn^c^ lower 
tenqKuiitures. At ItM)® (I, ais shown in th(^ ttda^ marked 10 of 
the to|) n)w of Fig. 79, it foams ht^autiftilly. Not until the? temjK^r- 
ature li(^H ahovc^ 50® d<His the myristat«^ yiedd a (li(|uid) hydro- 
philic colloid (and a foam). Kven at tins high<*st t(^m|KTature 
sodium palmitatc^, as indi(*ated in tulm 11 of Fig. 79, foams only 
badly. The soap alworhs all the watc'r ofTercui, to yield a thick, 
gelatinous mass into which the air do(*H not enter easily. The 
resulting foam is theieforc^ pmctically a solid one. 

Fig. HO shows liow the tulH^s just descrilaxl look two hours 
later. It. is c^asily ohsc^rvcal that th(‘ foartis die down most ra|)idly 
(a) in the lower soaps and (6) at the higher temperatures. 

§3 

Figs. 81 and 82 n^sjKxdively show the foaming (diamcterisiic's 
of th(^ sodium soaps of the* acetic stories at t.h(*. concent^iritton m/2 
immediately afh^r thc^ pHnluction of the foams and tw'o hours 
later. It will 1 h* ohs<uw(‘d that at this concentmtion tlx*, eaprate 
is the lowest imanber t.o yield a foam; the amount of foam 
produeexi in* all ilm (xiprate tulx^s of this series (the V(*rti(;al nm 
marked 8) is distimdly less than in the corresfK)nding scri of tulxts 
of Fig. 79. The launit<^ foams at this lower concentration almcMt 
m well as at the liigher concentration previously deBcrilxHh It 
is noteworthy, however, that in Fig. 79 (the concentration m) 
the better foam is obtained at the temperature of 190® C.; in Fig. 
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81 (the concentration m/2) at 50° C. This is dependent, in our 
judgment, upon the more perfect solulnlity at the lower con- 
centration of the laurate in the water, with diminution of its 
hydrophilic colloid properties as the temperature is raised. 



Fig. 82 shows the appe^rrance of the foaming soaps just 
described after having been left to thema(dv(!s for two hours at the 
designated ternperatures and again demonstrates that foams die 

down fastest in the lower soaps and at the higher tempera- 
tures. 
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§4 

In order to teBt further the pjeneral truth of the relationship 
betwecui hydration eapacnty and foaminji: (iualiti(^B of the different 
soaps, w(^ iH^xt studied tlu^ |K)taHHiiiin soaps of the a(t(‘.ti(^ acid 
series. As pn^viously d(*serilKHh^ the |K)taHsiuni soaps uve more 
solulde in wat(‘r ami hav(‘ a higher soluhility /or vvatcu* than the 
corre\sj>ondinig sotlium s(Ui]>H. It was in eonscHpunu'e to b(‘ exiK‘cted 
at a given eanerfdmiion (a) that the potasKium mmps would not 
begin foaming m early an the eorreHjxyndifm m>diimi soaps, (6) that 
this foaming quality would be bet earlier with increase in temper^ 


ii a ;j tM m m 




f ^ s# I # I I I 


Fiatm® 80. 

aiure and (c) that the Hoajm of the higher faity adds would show 
didimrt foaming qualities at temjHnrattircs at which the corresponding 
sodium s(Htps would (w so “ insoluble ” or yield such solid tq/siems 
with water as la make foaming impossdfle. The truth of these 

* StH^ pages 14 and 23. 
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general statements is illustrated in Figs. 83, 8^1, 85, 80, 87 
and 88. 

Fig. 83 shows, when compared wiili Fig. 77, that, foaming 
of 2 m potassium soaps at four different- t(‘m|Hmitiir(\s dcKss not 
begin until potassium caprylat-c is reached, dliis soap foams 
slightly at 8"^ C. but loses this quality as soon as t-lu^ tenqxu’at ure 
is increased. The first potassium soap to show a lasting foam 
at the several temperatures is the caprate (the tailxjs 8 of Fig. 
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Figure 81 . 


83). Pig. 84 shows the appearance of these tubes two hours 
later. The foam has disappeared entirely from the only caprylate 
which showed foaming qualities and from the caprate kept at 
the highest temperature. 

Figs. 85 and 86 show the behavior of potassium soaps of the 
acetic series at the concentration m. The caprate is the first 
in the series to foam, but the laurate and myristate also foam. 
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The potaHsiinn soaps, it is obvious, Ix^gin to foaiu at. lower tempta*- 
atures than tlu^ (*orn\spoii(ling sodium soaps (s(‘(^ Fig. 79 ) but 
they also lose, this (pialily sooiht with in<‘r(‘as(^ in teinpcu'ature. 
Whcai thc^. tiiln*. marked 11 of tlu^ potassium series (Fig. Ho) is 
compared with the corn'sponding ipbe of iho sodium Htu'ies 
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(Fig. 79 ) the moit! licjuid ehnniett^r of tla*. potassium Hoa|>/waler 
system (*vid(m<*es iiw^lf Ijy the 1 setter foam pnalmdiom Fig, 
86 slrnwH liow thi‘ foajim of the |K)tassium soa|»s l«K>k ai th<^ iuid 
of two Ihhus. It is again c^bvious thn.t ila^y iii<! thnvn eiirliiT 
in the s<»ries of the p< 9 assium soaps than in thc‘ eorn^spomling 
sodium soaps, or, put anothcT way, they last long<*st in the liiglier 
members of the ixd.assium soaps and at the lowc^r tem|x*ratures. 
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Fig. 87 illustrates the foaming qualities of i.he potassium soa 

nf Qr»A+.ir» QAriAQ in +.I1A AAnAAn+.r^tinn ni firwf. 



Figtjbb 87. 


11 


show any foaming is the caprate, but its foam dies down complete 
in two hours, as shown by its absence in the series of tubes mark( 
8 of Fig. 88. It will be observed when the laurate, myristai 


THE COLLOID-CHEMISTRY OF SOAPS 


149 


palmitate and stearate tubes (the series 9, 10, 11, and 13 of Fig. 
87) are compared with the similarly numbered tubes of Fig. 85 
that these potassium soaps foam decidedly better at the m/2 
concentration than at the higher concentration. The foams also 
last well, as evidenced when Fig. 88 is compared with Fig. 87. 
Fig. 88, taken two hours after the foaming was produced, again 
shows that the persistence of a foam rises with the position of a 
soap in the series and falls with increase in temp)erature, once the 



soap/water systems have be6n warmed above their liquefaction 
points. 
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2. The Emulsifying Properties of Soaps 

We wish now to discuss the relationship whi(*h (exists bet weet 
the emulsifying properties of the differeiit soaps and llicar liydra 
tion capacity. Excepting as the concentration necessary for emulsi 
fication is different (usually higher) the same general truths hold Jo. 
emulsification previously expressed for foaming. 

An emulsion is, by definition, a mixtures of two iminis(*ibl( 
liquids in each other. But from any two licpiids such as oil am 
water, two types of emulsion may pn^panxi, thc^ one consisting 
of a subdivision of oil in water, th(^ otlua* of watt^r in oil Milk 
which readily mixes with water and w(ds a j)ap(‘r dip|K‘d info it 
may be cited as an example of tlu^ former. But.t(‘r, wliicih wil 
mix with oil but not with wat(w, whi(‘.h gn^asc^s papeu- and imparti 
an oily feel to the touch, may be. (dtcal as an examples of t lu^ lat.ter 
The type of emulsion important for an analysis of cmmlsifyini 
properties of the ordinary soaps is that represemted by tlu^ sub* 
division of oil in water. 

In the discussion of emulsification wo must also distinguisl 
between (a) the mere production of an (unulsion and (h) iti 
stabilization after production. Just as in tla^ (tas(‘ of foams, tdu 
former represents essentially a nu^dianic^al i)roc(ssH —the one 
liquid must by some means or otluu* be divitUxl intrO tlu‘ murond 
When we talk about emulsification or emulsifying fig(m(!i(‘s with- 
out modifying clauses we usually mean nud.hods or substam^cj 
through which an emulsion produced by mecluinical means nui} 
be stabilized. 

It has been shown previously ^ that an oil (»annot b(^ sub- 
divided permanently into pure watew, and that th(^ socallec! 
emulsifying agents which make possilde iKUinancnd, huIs 
division of oil in water are hydrophilic (lyophili(t) c^olloids. Amoii|j 
the best representatives of this group are the soaps. As ordi- 
narily employed for emulsification purposes t.Iu^ soaps a,n», of (!oiirH(\ 
mixed. The quantitative studies on tla^ hydration (‘a[)a(dti(*s oj 
the different pure soaps outlined iti the pn^xaliiig pagers, no^ 
allow us to test out this whole concc^pt of (unulsification more 
accurately. What is the relationship Ixd.wxHUi the hydrophilic 
properties of any soap and its (anulsifying power! 

^Martin H. Fischer and Marian 0. Hooker: Scic‘nrc% 4S, 408 (1910) 
Kolloid-Zeitschr., 18, 129 (1916); Fats and Fatty Dogc^nc^ration, N(*w Vorfe 
(1917). 
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In order not to lengthen this discussion unduly, the experi- 
ital facts in the case may be summed up as follows: those soaps 
the best emulsifying agents which at the temperature of their use 
in the presence of water yield essentially liquid systems of the 
? water-dissolved-in-soap. For this reason the oleates, lino- 
s, etc., are, of all the soaps studied, the best emulsifiers at 
inary (room) temperatures because, besides having high hydra- 
L values, they are liquid. 

The sodium soaps of the acetic acid series when used in equi- 
ar concentration show the following characteristics. The soaps 
;he lowermost members through the caproate yield no perma- 
t emulsions. If a sodium caprylate or sodium caprate/water 
)em is kept just above its liquefaction point, a permanent 
ilsion may be obtained. A slight rise in temperature, how- 
r, makes for separation of the oil from the water phase. The 
le is true for the sodium soaps of the higher fatty acids. At 
temperatures sodium myristate, sodium palmitate, sodium 
irate, etc., in water do not emulsify, but if the temperature 
rhese mixtures is raised so that the soaps go into solution 
reality yield liquid colloid systems of the type water-dissolved- 
oap) permanent emulsions can be obtained at once. With 
great increase in temperature, however, the emulsions again 
3k, and the oil separates off. 

In interpretation of these general findings it may be said that 
lowermost soaps do not emulsify because they yield only true 
itions of the soaps in the water. The systems, in other words, 
e no hydrophilic properties or, put another way, the water 
them is essentially free ” and permanent emulsification of 
in such “ free ’’ water cannot be obtained. With thedevelop- 
at of distinctly hydrophilic properties by the soaps in the middle 
bhe series emulsification becomes possible, but only while the 
terns are liquid and of the type water-dissolved-in-soap. Only 
ht further increase in temperature, however, is necessary in 
case of soaps like the caprylate and caprate to carry them 
ough this region into the realm of the true solutions of soap 
water, and as this happens permanent emulsification again 
omes impossible.' 

Similar facts hold for the soaps of the higher fatty acids, 
oil cannot be emulsified in any of these higher soaps even 
sn possessed of a high hydration capacity as long as they are 


152 


SOAPS AND PROTEINS 


solid. But as soon as the temperature is raised sufficiently the r. 
suiting liquid colloid systems emulsify splendidly. The matter 
illustrated for the case of sodium palmitate in the right-hand bott 
of Big- 89. In this 60 cc. cottonseed oil were ground into 20 C( 



of the soap in a hot water bath. At this 
le emulsion results. As soon, however, as the 
lowed to drop to 25° for a few houm the system 
m the left-hand bottle of Fig. 89. If, however, 
IS maintained above the liquefaction point of 
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the sodium palmitate/water system, permanent emulsification 
results, as evidenced in the right-hand bottle of Fig. 89. The 
higher soaps, moreover, maintain their high hydration values (as 
liquids) through a considerable range of temperature, wherefore 



further increase in temperature does not serve so quickly to break 
an emulsion stabilized in these higher soaps as in the case of the 
lower ones. The higher soaps, in other words, do not pass as 
quickly as the lower ones into the class of the true solutions of 
soap in water. 
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It is possible to test out these general notions by using the 
potassium soaps instead of the sodium soaps of the acetic acid 
series. The potassixmi soaps being in general more soluble in 
water and more nearly liquid at a given temperature than the 
corresponding sodium soaps, permanent emulsification requires 
either (a) a higher concentration of the potassium soap or (b) 
a lower temperature or (c) a soap higher in the series. It there- 
fore requires more of a soap low in the series like potassium capry- 
late or caprate to the unit volume of water to yield a permanent 
emulsion. The emulsions so produced also break easily upon 
slight increase in temperature. On the other hand, the potassium 
soaps of the higher fatty acids, which in the presence of water 
yield more liquid systems even at ordinary temperatures than the 
corresponding sodium soaps, may be used to obtain permanent 
emulsions when the corresponding sodium soaps will not act. 
Potassium laurate, myristate or palmitate mixtures with water 
act as splendid emulsifying agents at low temperatures at which 
the corresponding sodium soaps are useless. Even potassium 
pahnitate acts well when the temperature at which it is used 
lies but slightly above the ordinary room temperature. This 
is illustrated in the left-hand bottle of Fig. 90. The potassium 
soaps being more readily soluble in water than the corresponding 
sodium soaps with increase in temperature, the fine emulsion 
produced in hydrated potassium palmitate cracks as soon as the 
temperature is raised to that of a boiling water bath. This is 
shown in the right-hand bottle of Fig. 90. In this experiment 
also, 60 cc. cottonseed oil were emulsified in 20 cc. m/16 potassium 
palmitate by grinding in a mortar. 

3, On the Theory of Foaming and Emulsification 

While we have no direct interest in theories of foaming and 
emulsification, it is difficult to work in these fields without inquir- 
ing into the nature of the conditions which make foaming and 
emulsification possible. 

It would seem from the experiments which have been detailed 
above and in our previous publications on emulsification that 
permanent foaming or emulsification is possible only as the liquid 
into which a gas or a second liquid is dispersed is changed from 
one possessed of the physico-chemical constants of the pure dis- 
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persion medium into anot.her possessed of those characteristic 
of a liquid hydrat-ed colloid. 

From a gas and a licpiid, as from two immiscible liquids, it 
is possible, of course, to produce two types of systems represented 
in the first instance by l.he dispersion of a gas in a liquid (a foam) 
or of a liquid in a gas (a fog) and represented in the second instance 
by the dispen-sion of the liquid a in 6 (as oil in water) or the dis- 
persion of the licpiid 6 in a (as water in oil). When one regards 
as a whole th(\ fiidd of t.h(i dispersoids consisting of gas plus liquid 
and similarly that, of t.lu^ <lispersoids consisting of liquid in liquid, 
on(^ is (juickly stru(‘,k by tlui fact that lasting dispersions of gas 
in licpiid (foams) can 1x5 more readily produced than the opposite 
type of systcun; while (xuTain liquids a can be more readily 
emulsified in a s(xx)nd b than vice versa. 

In trying to disexmu* what is the first gericral relationship 
which det.(n-minc\s (his l)ehavior, it has seemed to us that a pre- 
viously (ixpn^ssed opinion ^ covers the case sat.isfactorily. Other 
coridiiions remahilng the mme, that 7naterinl is dispersed within 
any second which in response to mechmiicnl deformation shows 
the shorter hreaking length. Our meaning may be illustrated 
by n^ferenee to l^lgs. 91 and 92. When air and some liquid 
like liquid hydrated soap are subjected to a deforming move- 
ment (like the beat of a flail) it is obvious that the gas 

OOP OOP PPP PP P PPP PPPP Gas 

^ Hydrated Sodium Oleate 

Figure 91. 



■ Hydrated Sodium Stearate 
.. Oil 

■*, Hydrated Sodium Oleate 


Figxjre 92. 


will break ” sooner than the liquid columns of hydrated soap. 
The soap will, in otheu* words, be drawn into longer threads or 
coherent surfac-es than will the air, in consequence of which 
the gas will become enmeshed within the hydrated colloid, and 
a foam will result. 

What happens in the case of two liquids is represented diagram- 
matically in Fig. 92. If the middle line of the diagram is taken 

1 Martik H. Fischer and Marian 0, Hooker: Fats and Fatty Degen- 
eration, 32, New York (1917). 
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to represent the breaking length of oil threads, the breaking lengtl 
of a soap, like hydrated sodium oleate, is represented by the lowe; 
line of the diagram. For this reason, other things being equal 
the oil tends to break into droplets sooner than the hydratec 
sodium oleate which in consequence remains the non-dispersec 
or enveloping phase. There are, however, other soaps which 
while capable of hydration, yield liquids whose fibers tend t( 
break sooner when drawn into threads than does hydrated sodiuir 
oleate, or which at the ordinary temperatures employed are sc 
nearly solid that they break into short fragments. Magnesiuir 
oleate, sodium stearate, etc., may be cited as hydrated soaps o1 
this type. Their breaking length may be represented diagram- 
matically, as compared with the breaking length of an oil, b} 
the upper line of Fig. 92. Other things being equal, these materi- 
al^, therefore, tend to become enmeshed within the oil, yielding 
in other words, emulsions of the type water-in-oil. 

The experiments detailed above, in which were compared 
the emulsifying properties of different soaps (like sodium palmi- 
tate and potassium palmitate, sodium stearate and potassiurc 
stearate) or the behavior of these soap/water systems, wher 
subjected to heat manipulation, prove the truth of this genera] 
contention. We have also tried to measure the breaking length 
of the different systems which may be used successfully for the 
production of foams, fogs or the two types of emulsions. We 
hope to be able to detail numerical values covering these points 
at another time. The so-called “ finger tests ” of the glue tech- 
nologists permit one to predict what kind of system is most likely 
to result from dispersion in each other of a gas with a liquid or a 
liquid with a liquid. 

We are not unconscious of the fact that there may be arranged 
under this conception many of the so-called theories of foaming 
and emulsification adduced to explain the behavior of these 
systems. As previously emphasized ^ there is nothing mutually 
exclusive in the ideas of solvation and the relative breaking lengths 
of any two materials, and the changes in surface tension and 
viscosity, the quantitative relationship between the amounts ol 
the two phases, the formation of a continuous third phase between 
the two general substances making up a foam or an emulsion, the 

1 Martin H. Fischer and Marian 0. Hooker: Fats and Fatty Degen- 
eration, 29, New York (1917). 
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surface activity of various chemical substances in permitting 
the '' wetting ” of contiguous phases, etc., as drawn upon by 
various authors (S. Plateau,* G. Quincke,^ F. G. Donnan,^ 
H. W. Hillykr,*^ Walther Ostwali),"' T. B. Robertson,^’ S. U. 
PiCKERiNC},'^ Ubbeloiide and Goldschmidt,® Wilder D. Ban- 
croft,^ G. H. A. Clowes,*** S. A. Shorter** and James W. 
McBain **^) to explain the nature of foaming and emulsification. 
When water is changed to a liquid colloid hydrate, the properties 
of the second are still the properties of a liquid, though quantita- 
tively diff(n*ent from t.he fii-st, and these propert.i(‘,s include surface 
tension, viscosity, distribution of dissolved and suspended parti- 
cles, et(j. But were we to express a critical opinion of t.lu', tlieoriiis 
of foaming and emulsificiation as d(W(Joped by these various 
authors, W(^ would say that each has failed in tiic opinion of some 
other author Inutause he has used his theory as an exclusive one 
and as one necu^ssarily univei*sally applicable. As we have', repr^at.- 
edly emphasi 55(^1, a number of factors undoubt.edly play a role, 
and the ndative importance of each varies not only in different 
foams and in rlifferent emulsions but in one and the same foam 
or emulsion under different circumstances. 


4, The Washing Properties of Soaps 

Empiric practice sr^ems to have succeeded in furnishing soaps 
of good washing proiierties for almost all technologic needs and 
for use under the most varied circumstances, and this in spite 
of the fact that we seem still to be largely ignorant of why in 

* S. Plateait: Ann. der. Physik., 141, 44 (1870). 

® G. Quincke: Ann. der Physik., 271, 580 (1888). 

® F. G. Donnan: Zeitschr. f. physik. Chem., 31, 42 (1899). 

* H. W. Hillyke: Jour. Am. Chem. Soc., 25, 511 (1903); ibid., 25, 524 
(1903). 

^ Walther Ohtwald: Kolloid-Zeitschr., 0, 103 (1910); ibid., 7, 64 (1910). 

T. B. Robertson: Kolloid-Zoitschr., 7, 7 (1910). 

^8. IJ. Pickering: Kolloid-Zeitechr., 7, 15 (1910). 

» Ubbklohdk and Goldschmidt: Handbuch der Dele imd Fette, 3, 11, 
Leipzig (1910); Zeitschr. f. Elcktrochem., 18, 380 (1912); Kolloid-Zeitschr., 
12, 18 (1913); Kolloidchcm. Beihefto, 5, 427 (1914). 

® Wilder D, Bancrofi’; Jour. Physical Chem., 17, 501 (1913). 

G. H. A. Clowes: Jour. Physical Chem., 20, 415 (1916). 

8. A. Shorter: Jour. 8oc. Dyers and Colorists, 32, 99 (1916). 

Jamiss W. McBain and C. S. Salmon: Jour. Am. Chem. Soc., 42, 426 
(1920). 
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actual use the soaps act as they do. following panigraphi 

do not pretend to bring a dofinii.ivo answer to tlu^ ijroblein, bu 
in connection with the remarks of tlu^ pn^^culing ])anigniphs i 
has seemed to us that they may heli) i.owai-d a fonmilation am 
solution of some of the general probknns involviMl. 

The oldest, perhaps, of the theoric^s of washing holds thai 
soap owes its cleansing virtaies to tlu^ alkali which it. lib(u*at(‘s or 
solution in water. This factor as an important item in t lui wash- 
ing process has been much discn-editcMl. While it is not to lx 
denied that its importance was fornuu-ly ov(‘r(‘stimated, it h 
perhaps too extrenm^, to d(xiy it all virt.ue. fac.t that <vv(‘r 

soft water alkalinized through tlui addition of sodium, potassiun 
or ammonium hydroxid, sodium carbonatx^ or l>orax wash<‘s bcdtoi 
tha]i the water alone would seem to make it impossible to den^ 
the virtue of this facl.or entirely. 

On the other hand, tlu^ alkali fac.tor (tannot be the main 
feat.ure which gives soap it.s washing jrropertic^s, for the 
soaps which on hydrolysis yield the largest, overplus of frcH? alkali, 
namely, the soaps of the higlu^st fatty atn'ds, may wash most 
poorly. On the other haml, soaps which by test and undcu' the 
circumstances of their use arc st-rict-ly muit.ral may fumdion a,^ 
ideal cleansers. To explain the atdiori of soap umkn* such cir- 
cumstances, its power to produce foams and to (umilsify has Ixxa) 
called into account, and this prop(‘.rt.y has Ixxai paralkdcxl with 
its cleansing virtues. If this concx^.ption is (tornad— and tlxu’c 
is much to suppoid the idea that it r(^j)r(‘S(uitHS the major facd.or 
in the general washing power of t h(\ soaps -t lum the valm*. of dif- 

ferent common soaps as gemuiilly employ(xl would, on the Ixisis 
of our previous remarks, be about as follows: 

To produce effective cleamhi{j a certam minmium of ^nechanical 
washing methods are absolutely necessary. The soiled matcuials 
must be “ soused in the wash water, rul)b(‘.d on a washboard 
or dragged about in a machine. This const itutc^s in the washing 
process the equivalent of the mo(5hanic.al elem(ait. so ncxx^Hsaiy for 
the production of foams and emulsions. The “ dirt in tlie 
clothes is emulsified in the hydrated soap of the wash water. 

The soap must now be looked at from th(^ j)oint of view of 
favoring such emulsification and the stal)ilizat.ion of t.he (umilsion 
after production. Obviously, of much importance in this matter 
will be (a) ‘the concentration at which the soap is used, (6) the 
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character of the soap and (c) the temperature at which it is 
employed. 

It is the common practice to rub solid or semi-solid soap directly 
upon the soiled materials or to soak them in a strong soap, stock. 
Even after such soaking, more solid or semi-solid soap is com- 
monly rubbed directly upon the more soiled areas. This is all 
expressive of the need for a hydrated colloid of high concentration, 
for only such will lead to easy and permanent stabilization of the 
dirt ” (fatty materials and mixed solids) in emulsified form in 
the “ soap water.” 

The ordinary washing soaps (either laundry or toilet) are 
the sodium soaps of several fatty acids. It is of interest to note 
that manufacturers have long used mixtures of different fats for 
their soap stocjks. Beginning as th(iy usually do with a liquid 
fat (like cocoanut oil, olive oil, cottonseed oil) they add to this 
varying amoiml.s of the higher fats (like tallow, hydrogenated 
cottonseed oil, etci.). The ultimate soap produced contains a 
long and varied list of fatty acids. Such mixtures must obviously 
satisfy most general needs. Because of the presence of soaps 
of the lowcn-most/ fatty acids, quick foaming and quick emulsi- 
fication are obtaiiuul even at low temperatures. These lower- 
most soaps, however, dissolve so quickly that the frugal house- 
wife considers them wasteful. Especially is this the case when 
the soaps are used with hot water in which they pass quickly 
into the true solution ” stage. For this reason the presence 
of fatty acid soaps from the middle of the series will prove useful, 
for these work well in ordinary lukewarm ” waters. They too, 
however, lose much of their virtue if the temperature is raised. 
As effectively working soaps in waters near the boiling point, 
the soaps of the higher fatty acids are required. The palmitates 
and stearates, for example, still maintain their colloid character- 
istics when soaps lower in the series have lost theirs through 
solution.” 

The facts recited indicate why the temperature at which 
any soap is used has so much to do with its effectiveness. Where 
soaps are to be used in cold water, it is clear that none of the 
higher fatty acid soaps are of any particular use. Only those 
soaps which at low temperatures have definitely colloid character- 
istics, and which as ordinarily employed yield liquid colloid 
systems, are effective for washing under such circumstances. 
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This is the reason why sodium and potassium oleate and th< 
soaps made from oils rich in the lowtu* fatty acids (cocoanut oi 
soapj palm kernel oil soap) arc the soaps whicdi, above all others 
are held useful On the other hand, for warmer waters it is o 
advantage to have present the soai)s of th(‘ fatty acuds highc'r ii 
the series. Plence the common pra(di(H^ of adding tallow, hydro 
genated cottonseed oil, (dc., to tlu^ mon^ licpiitl fats and oili 
used for the manufacture of toilet and laundry soaps in civilized ' 
countries. There is, howcwcu*, a limit, at this (UkI of tlu^ sc^rie: 
also. The sodium soaps abov(‘ th(‘ st(‘ara.t(' in tin* ac(d.ie s(uiej 
do not yield (liquid) hydrahul colloid syshuns txdow th(^ l>oilin| 
point of water. Tn this proi)orlion iluy are valu<‘l(\ss as wash 
ing agents. Even the stearat.c^ whi(di, sin(‘e th(‘ introductior 
of h3nlrogenation met.hods, has Ixx'u workcxi in iiicnaisin^ 
amounts into the common toiled, and la.\mdrv soaps alrc^ady conu^i 
close to the danger liiu^ I( will hardly foam or (unulsify shori 
of the boiling fxxnt of watcu’. A way out of |.h(‘ diffn^ulty, noi 
only for the stearate, but also for sonu^ of t h(‘ otlxu* higher fatt} 
acids, may be found in th('. substitution of })otassium for the 
sodium of the common soaps. This trick is {iiiploy(xl in shaving 
soaps in which the waste of a more. ‘‘ soluble^ soap is (compen- 
sated for by its rcwlier foaming and (unulsifying propertkes. But 
the substitution of potassium for sodium has its dcTcxds at the 
lower end of the serievs— the potassium soaps, Ixdng more readil} 
“ soluble both in cold and hot waters, i)ass t.oo (piickly througl 
their working middle of liquid hydrated colloids and hence arc 
'' wasteful'' 
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the: C()LLOID-CHKM!t<THY OF SOAP MANUFACTURE 


I 

PRINCIPLES OF HOT AND COLD PROCESS SOAP 
MANUFACTURE 

1. Introduction 

It will bo the pur]:)OBO of thin chapter to review certain tech- 
nical proeedurcH followed in Boap manufacture in order to see 
where tlu*, coneeptH ([(welopcKl in the prc(*,(uling pages may be 
used as (conscious substituh^s for various empiric practices. In 
doing so w(^ will Ix^ strnutk l)y an intciresting fact. Faced on the 
one side by the myriad probkans incident to the handling of a 
widely varying criuk^ mat(u*ial and on the other by the demands 
on the part of tlu*, public for a prodiKit possessed of certain washing 
characteristics, the pracd-icial soap manufacturer has in nearly 
every instaruio hit upon both a satisfactory process and a satis- 
factory product. 

The raw materials used by the soap chemist and, consequently, 
the soaps whicdi he produces are so many and so various that a 
complete revi(‘w of the situation is not possible. What is said 
in the following pages represcmts little more than a broad outline. 

We should have an ideal starting point did we know, as a 
first foundation for our discussion, the qualitative and quantita- 
tive composition of the fats and oils which enter the soap kettle. 
Even when we ignore the presence, in the crude fats and oils 
employed, of unsaponifiable material, of alcohols other than 
glycerin, of admixed substances bearing no relationship to the 
esters which make up the mass of the fat or oil, etc., we are still 
handicapped by an inadequate knowledge of the complete com- 
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position of even the eonunontn- fats and oils. Or, where sue! 
complete analyses have Ixaai made* or are availahh^, th(‘y refer 
of couree, only to a sixanfie sainpli^ jtnd, as ewenw oil and fa 
chemist knows, anotlKu* sampU^ obtained prt*suina!)ly from th( 
same sources and under tlK‘ sana^ (‘onditions may still show wid< 
variations in composition. A single*, fat, or oil varies for <^xampl< 
with the sc^asons. 

It lies without the limits of this volume to list mon* than t 
few of the fats and oils which hav(* betm or may la* used in the 
manufaet.un*. of soaps and to indicate* their approximate ccanpo 
sition. The (‘xampl<‘S whi(?h follow an* of interest either beeausc 
they furnish nuK’h of tin* mat(*rial whieh is UH<*d in s<jap inanu* 
facture or b(a*.aus(* th<*ir (|uulitat iv<* c*cnnposit ion is such that 
they yield soaps with (jualiii(*ations of inb*rest to our discussion 

2. The Oils, Fats and Waxes Entering the Soap Kettle 

From a pundy cluanical ])oint of vi<*.w then* is litth* n*aHon tc 
distinguish between the “oils'* and tin* “ fats*’ (^f tin* teclmica! 
chemists; and the same is tna* of tin*, “ waxes.** All thn*<* sub- 
stanc(*s are (ssscadially nothitug but mixtures of difTen‘ni <*HterH 
In the ease of tlu*. oils and fats th<‘S(* an* almost exeluHiv(*ly glyc(*r* 
ids, and this still holds true for many of the* wax(*s (us “Japan 
wax "). At ()th(*.r times tlu* wax(*s an* still c*Hters, but. sona* (nlu‘i 
alcohol may have taken the pla<’(*. of the* gly<*erin. N<‘V(*rth(*lc*ss, 
this practical distinction lH*iw(‘en tint thn*e, grotips of HubHtanc(*H 
the first being liciuid at ordinary b'irrjMU’atnres, tin* s<*(a)nd H(‘mi- 
solid or solid, th<i third rkdinitely solid has soim* value. The 
physical state parallels rouyhly the kinds and jn-apartions of different 
fatty acids appearing in the various esters, the fatty acids mith the 
lower 7mlting points being those most common in the oils while those 
with the higher melting points predominate in (he fats and waxes. 
This matter is of muc.h import an(*e, as will appetar latcux because 
of the physico-claanical diffenarceB in tire soaps whirdr are formed 
from thes(i different, stocks. 

A distinction in soap manufacture bcd w(*en tht^ fats of vege- 
table and those of animal origin has little^ |>urpoH<% fc^r both con- 
tain qualitatively the sanu’; list of glyc(*ridH. N(*verthek*HH it is 
well to remember that th(* two differ(*nt origins may at times be 
of importance because^ of differences in t.he tyi>es of impurities 
which they bring along. 
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Since the kind of soap formed and its properties are so largely 
a matter of the kind and relative proportion of the fatty acids 
which occur in the original soap stock it is well to begin by listing 
a few of the commoner oils, fats and waxes and giving their per- 
centage composition. The series which follows is catalogued 
arbitrarily, those fats which contain the smallest number of fatty 
acids or such as have the lower melting points being given first. 
A more detailed discussion of this subject lies without the limits 
of this volume; for such the accepted handbooks ^ or original 
papers dealing with this subject must be consulted. 

Linseed Oil, A generally accepted av^erage analysis is that 
of Hazura and Grussner which reads as follows: . 


Oleic acid 5 percent 

Linolic acid 15 percent 

Linolenic acid 15 percent 

'Tsolinolenic” acid 65 percent 


In the place of the above analysis, to which J. Lewkowitsch ^ 
has raised objection, this author gives the following: 

Solid fatty acids (palmitic, myristic, stearic, arachidic) . 7.5 percent 

Linolic acid 36.5 percent 

Linolenic acid • . . . 56.0 percent 

Poppy Seed Oil. The whole oil carries 6.67 percent of solid 
fatty acids (Tolman and Munson^). The liquid fatty acids 
consist, according to Hazura and Grussner, of 

Oleic acid 30 percent 

Linolic acid 65 percent 

Linolenic acid 5 percent 

Cottonseed Oil. According to. Twitchell, Farnsteiner, Tol- 
man and Munson,^ the whole oil contains from 22.3 to 32.6 per- 
cent of solid fatty acids, consisting chiefly of palmitic acid with 
a small quantity of arachidic acid. The liquid fatty acids, accord- 

1 See for example J. Lewkowitsch: Oils, Fats and Waxes, 5th Ed., 2, 
London (1914) ; Merklen: £tude sur la constitution des savons du commerce, 
Marseilles (1906) or in German translation by Franz Goldschmidt, Halle a/S 
(1907); Ubbelohde-Goldschmidt: Handbuch der Oele und Fette, Leipzig 
(1910). 

2 J. Lewkowitsch: Oils, Fats and Waxes, 5th Ed., 2, 61, London (1914). 

® L. M. Tolman and L. S. Munson: Jour. Am. Chem. Soc., 25, 960 U903). 

^ Quoted by J. Lewkowitsch: Oils, Fats and Waxes, 5th Ed., 2, 197, 

London (1914). 
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ing to Hazura, consist approximately of 40 percent oleic acid 
and 60 percent linolic acid. 

Sesame Oil This oil contains, according to Farnsteiner, 12.1 
to 14.1 percent of solid acids, the liquid acid making up the 
remaining fraction holding usually about 15.8 percent linolic acid 
and 72.1 percent oleic acid. 

Olive Oil According to Tolman and Munson/ the solid 
fatty acids of this oil, as obtained from different sources, vary 
between 2 and 17.72 percent. These solid fatty acids are chiefly 
palmitic acid with a trace of arachidic. Stearic acid is absent. 
The liquid fatty acids, according to Hazura and GrItssner, 
consist of 93 percent oleic acid and 7 percent linolic acid. 

Castor Oil The whole oil on standing in the cold deposits 
3 to 4 percent of stearic and ricinoleic acids (Krafft and 1 
percent dihydroxy stearic acid (Juillard). The liquid fatty acids 
of castor oil consist chiefly of ricinoleic and some isoricinoleic 
acid. Oleic acid seems to be absent (Hazura and Gruss- 

NER^). 

Cod Liver Oil. Crude cod liver oil contains a considerable 
portion of stearic and palmitic acids. The oil as it comes bo 
market has usually been freed from these. In the liquid oil 
small quantities of acetic, butyric, valeric and capric acids have 
been found by various authors. There is an absence of oleic 
acid, and it is believed that the bulk of the fatty acids is made 
up of acids less saturated than those of the oleic acid series. 
According to Heyerdahl ^ the following percentages of different 
acids have been definitely isolated. 

Palmitic acid 4 percent 

Jecoleic acid 20 percent 

Therapic acid 20 percent 

Palm Oil This is a mixture of glycerids of oleic acid and 
various solid fatty acids. Ninety-eight percent of the solid fatty 
acids is palmitic acid and 1 percent or less is stearic acid. Hazura 
and Grussner have discovered linolic acid among the liquid 
fatty acids of this oil. 

^ L. M. Tolman and L. S. Munson: Jour. Am. Chem. Soc., 25, 956 (1903). 

2 F. Krafft: Ber. d. deut. chem. Gesellsch., 21, 2730 (1888). 

2 Quoted by J. Lewkowitsch: Oils, Fats and Waxes, 5th Ed., 2, 398, 
London (1914). 

J. Lewkowitsch: Oils, Fats and Waxes, 5th Ed., 2, 430, London (1914). 
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Nutmeg Bxitter. The composition of this fat is thus sum- 
marized by J. LEWKOWITSCHd 


Myristic acid 73 percent 

Oleic acid 3 percent 

Linolenic acid 5 percent 

Formic, acetic, cerotic acids small amounts 

Essential oil 12.5 percent 

Unsaponiliable and resinous material 10.5 percent 


Cacao Butter. This fat contains stearic acid to an extent of 
about 40 percent. Oleic acid is present in excess of 30 percent. 
Several other fatty acids have been declared to be present, but 
their amounts are debated. Palmitic, arachidic and linolic acids 
have been found and, according to debatable evidence, lauric 
and caprylic are also present. 

Palm Kernel Oil. This interesting and much used fat, accord- 
ing to Elsdon ^ is composed of the following: 

Caproic acid 2 percent 

Capryli(j acid 5 percent 

Capric acid 6 percent 

Lauric acid 55 percent 

Myristic a<id 12 percent 

Palmitic acid 9 percent 

Stearic acid 7 percent 

Oleic acid 4 percent 


Palm kernel oil is largely used for soap making, chiefly in admix- 
ture with other oils and fats. Like cocoanut oil, it is eminently 
suitable for the manufacture of soaps by the cold ” process. 
The freshest oil is employed in the manufacture of vegetable butter. 

Cocoanut Oil. J. Lewkowitsch uses the analysis of the fatty 
acids of cocoanut oil by Paulmyer to produce the following table: 


Caproic acid . 
Caprylic acid 
Capric acid . . 
Lauric acid . . 
Myristic acid 
Palmitic acid 
Oleic acid . . . 


0.25 percent 
0.25 percent 
19.50 percent 

40 . 0 percent 

24 . 0 percent 
10 . 6 percent 

5 . 4 percent 


1 J. Lewkowitsch; Oils, Fats and Waxes, 5th Ed., 2, 564, London (1914). 

2 Quoted by J. Lewkowitsch: Oils, Fats and Waxes, 5th Ed., 2, 621, 
London (1914). 
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Lewkowitsch adds that the quantities of oleic, caju'oic^ and 
caprylic acids in this analysis are undoubtedly too low. An 
analysis by Elsdon showed the following’: 


i Caproic acid 2 p(^rc(ait 

I Caprylic, acid 0 pen^ent- 

I Capric acid 1 ( ) I rt n t- 

Laurie acid pt^rccni. 

Myrlst-ic acid 21) per(‘cnt 

i PalmiUc acid 7 ])(a-cciit, 

i Stearic. a(‘.id T) ixa-cc.nt 

ii Oleic acid 2 peirent 


Lewrowitsou holds that. th(^ okh^ ludd figure in this ana, lysis is 
also too low while that of sl.ea.ric acid is much too high. 

Jajmn Wax. (Japan t.allow). Th(‘, ini])ortanl. fatty acid con- 
stituent of this wax is [)almitic a(hl. Among otlua- acids, sl(‘a,ri<;, 
arachidic and oleic a,r(^ said to b(‘. pr(^s(U)(.^ 

Goose Fat. This fat consists essentially of ol(‘i(^ palmit and 
stearic acids. There are present also small (plant it i(‘s of the 
lower volatile acids. 

Hoq Fat. According to Ernst Twitchklu" lard (‘onsist.s of 
the following: 


Lino] ic acid lO.OO p(‘rc(‘nt. 

Oleic acid 49.21) p(‘rc(‘nt. 

Solid acids (by difTerencse) 40.55 pt‘r(‘t‘nt. 


It is possible that linolenie acid is also pn'.scnt. In t-lu^ group 
of the solid acids are lauric, myristi<‘,, palmitic and st.('a,ri(‘-. 

Tallow. Tallow is essentially a mixt.ure of })almitic, stearic, 
and oleic acids. According to an examination by Link in the 
laboratory of J. Lewrowitscii t h(u-e an^ pn^sent, 22.2 piu’cent 
stearic acid, 28.4 percent palmitic atid and 48.4 ]K‘r(H‘nt oleic 
acid. It is possible that' traces of other acids like linokmic also 
appear in tallow. 

Butter fat. The following acids liave Ikhui ident ified in huttcT 
fat: acetic (?), butyric, caproic, capiylic, capric,, lauric, myristic, 
palmitic, stearic, arachidic and oleic acids. It. is ludd l)y certain 
authors that butter fat also contains hydroxylatcd acids. The 
presence of linolenie acid has been described. The percentages 

1 J. Lewkowitsch: Oils, Fats and Waxes, 5th Ed., 2, 654, T/ondon (1914). 

2E. Twitchell: Jour. So(*,. Chem. Industry, 515 (1895). 

» J. Lewkowitsch: Oils, Fats and Waxes, 5th Ed., 2, 767, Ixmdcn (1914). 
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of the glycc'Tids of the different fatty acids arc as indicated in the 
following table, copunl from Lkwkowitsch. 


j 

j J, Hki.i,. 

W. UavTii. 

i 

Sl'AM.ANZANI.* 

Butyrin 

. ..j 7.012 

7.7 

”) . OHO 

Caproin 

Caprylin nn<l caprin 

■ } 1 2.2.S0 

/ 

1 .020 

0.207 

Olein 

. ..| :i7,7:n) 

42 2 

1 

Palniitia, Htearin, <>tc 

j r>2 . 07H 

rio.o 

j ! >.2.51)2 


1 100 

100 j 

i 100 


+ Spai.i.an/.ani: !,<• Sta/. SixTitn. Ital., 23, 117 (ISDO). 

Beemuix consists c.hi(dly of fr(‘(‘ (;(n*otic acid with a small 
quantity of fre<‘ nn'llisic acid and small (luantities of iinsaturatcMl 
fatly acids combiiu'd with alcohols. (V.ryl n.lc.ohol apjx^ai-s fr(‘(^ 
in IxHsswax. Ihxsswax contains lit, tie or no glycerin, otlan- nhxihols 
taking its phua^ 

3. Significance of Some Fat and Oil Constants for the 
Colloid-Chemistry of Soap 

Since complei.e analyses of the fat,s aTid oils which (alter t.he 
soap chcanisUs k(d/tle can scuinjoly be obtained, he must, caintcmt 
liimsc^lf in routiiu^ ])rac,ti(U‘. with a knowl(xlg(i of their spcaafic 
gravity, molting point, sa|)onification valium, RioioHmcr-MmssL 
valu(>, iodiri number, (^t.c. For the non-t(x;hni(tally taaincal, the 
meaning of th(\se valu(‘S and their prolialilc^ signifuaincx^ indctcu- 
mining in advarux'. tla^ colloid properties of n^sultant soaps 
when more cornpkdc^ analyses of the fat. are missing are appendcxl. 

Since the natural oils and fats are not definite. ch(ani(ta.l sub- 
stanecvs charaetxuazed by definite melting points, it Ixu^ouk^h 
readily intelligible why discordant results are obtained by any 
of the number of rnet-hods availabki for the determination of tlu^ 
melting point.s of oils and fats. In general, however, it may be 
said that the lower the melting point of a fat or oil, the higher 
th(^ proport, ion in it of the lower melting point fatty acids, like 
the oleates, linolates or lower members of the acetic series. 

The specific gravity of any pure fat falls in any scries with 
rise 'of the fatty acid in that series. Wide differences, however, 
exist between the specific gravities of the fatty acids of different 
series. It is difficult for this reason, to find any relationship 




170 


SOAPS AND PROTEINS 


between the specific gravity of mixed giycorids a.nd the type of 
fatty acids found in the glycericls. In general, howcwcn-, (.he 
lower the specific gravity of a fat the more lik(‘ly it is to be found 
rich in the higher members of any fatly aca’d s(n-i<‘s. 

The saponification value of an oil, fa,t or wax whidi indi(^al(‘.s 
the number of milligrams of potassium hydroxid r(^(juir(‘d for the 
complete saponification of one gram of tlu^. oil, fal or wax is indi(^a- 
tive of the amount of potassium hydroxid nupiinMl t.o inaitralize 
completely the fatty acids in that oil, fa,t or wax. Ot lan- t hings 
being equal, a high saponifie.ation valiK': tlunxlbn^ na^aiis a. high 
content of the lower fat.ty adds. 

The Reictiert-Mkissl valu(‘. whidi shows the nuinlxa- of 
cubic centimeters of (huiinormal ])otash nxiuinxl t.o neu~ 
tralize that portion of tlu^ vola.t.il(‘ falt.y aeids whidi is obtaliHal 
from 2.5 grams of a fat aften* dist illation by tlu^ REnainuT j)ro(*(‘ss, 
represents, obviously, t.lu^. ])roport.ion of volatih' fat ty a.dd con- 
tained in any inixcsl fat. most lilnty to yidd soa.i)s lyirig within 
the range of those commonly us(xl for washing pur{)os(‘s. 

The iodin value of a fat. or fatty a.(a’d is a, na^a.sun^ of the pro- 
portion of unsaturated fatty acids (X)nta,in(xl thca-dn. It. maybe 
used as an index, in comparatives studi(‘s, to th(‘. probabl(‘ pro- 
portion of the imsaturat.ed fatty acids i)r(‘S(mt. in any oil, fat or 
wax to those of the saturated fatty a.(ads a.nd, by inlenaicc', of 
the proportion of the soaps of th(‘S(‘ t.wo S('ri(‘s of fatty acids with 
their varying physico-ch(^mic,al or colloid-dKniiical (‘onstaids pro- 
ducible from the original mat.cnaal. 

4. Hot and Cold Process Soap Manufacture 

As familiarly known, soap manufacit.uix', may (*a,rri(*d on 
by either (a) the cold process or (6) tlu^. hot. pnxx^ss. So far 
as the chernistiy is conc(n*ned the t-wo an^, sii[)pos(xl to yi(‘ld tlui 
same result. In either case, a wcuglnxl amount, of fat, or oil has 
added to it the amount of caustic soda wdiich analysis has shown 
the fat to require for conversion into luuitral soap. What, is 
obtained in the end is a neutral soap holding a (certain amount 
of water plus the glycerin split off in the procevss of the conversion 
of the fat to soap. 

It is a matter of practical experience that while the proctess 
of soap manufacture in the cold is t.he simplest, the r(‘sults thus 
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obtaiiu'd an^ not always so satisfactory as when the process is 
carricHl out- at* a teinperat.uro. It, is also a niaticr of empiric 

knowhul^x^ t-hat. caa’tain fai.s ixiadily yi(^ld satisfact.oiy soai)s when 
uschI in th(‘ cold whik^ otiun-s, it nii^»;ht almost be said, never do 
so. Tlu^ extr(‘m(\s aix^ ix^.p^’^-'^^’^ded, on the one hand, by tlie use 
of sucdi a fat. as (‘astor oil, cottonseed oil or even palm kernel oil; 
on t.h(^ ot.lua* ha,nd, by tlui use of hydrogenated cottonseed oil, 
stearin or Japan wax. 

Wiiat. ha,pp(‘-ns Ikx^ouu^s intelligil)le when the qualities and 
(piant.itic'-s of th(‘, fatty acads found in t.h(^s(^ fat.s and oils are (iom- 
panul with 1h(‘- })hysieo-('h(anica.l and colloid j)r()i)erties of soaps 
which aixi producxal from th(‘ diflenait. fatty a(ads as illustrated 
in Figs. 1 t.o b'b* S(>ap,s arc readily ftiadc by the cold process only 
from. ^Hch f(ds as arc approxiniaUiy liquid or yield fatly acids 
which arc liquid at the tcmperalure at which the soap is ntan.ufaclurcd. 
In th('. old(‘r scJuaiu^s of soaj) manufa(d,ure this i)roc(iSs was regularly 
employee 1 wit h such oils as oliv(^, coctoanut and cottonseed. Partly 
b(‘(taus(^ larg(‘r a, ad largca* (giant itic^s of ttic^si', materials arc now 
us(ul for food, and partly b(a\auBg tlu^ soaps from t-hc'sc', materials 
ari^ ixJaXively soft, and wash away ’’ (easily (and for toilet 
purpose's, for ('xainjilc',, a sonu'.what tirnuu* product, is (bsiixul) 
th(^ original oils hav(^, wit.h t.inu^, liad admixeul with tluan larger 
and largc'.r fraedions of fats with higlua* medting point.s. As t.his 
has hapfieiHuI t h(‘. diniculty of making the soap by the (iold 
procu^ss has incix'asc^d, for the fats ric.h in palmitic acid, stearic 
acid, etc., cannot, Ix^ thus sa])onified. At, higher temperat.ures 
it, is, of courses, a.n (uisy matk^r. Bim^e saponificat,ion rcprciscnts 
an exot,h(irmic ixvict-ion, (jonsiderabk'. heat is produced which 
wanus the soap mixt.ure. For this reason fatty acids inelt.ing 
at. t,(imperat,ur(‘s consideu-ably above t.hat, of the surrounding 
medium (;an st.ill be saixinifuMl in i,he cold.^' The higher (solid) 
fatty acids also saponify more slowly than do the lower ones, 
whence t.hc common ])ract,icc of allowing t.he necessaiy fat-alkali 
reaction mixt ures, when soap is produced by the cold process, 
to stand s(W(a-al days, while, to conseiwc the liberated heat, the 
vats or frames arc protected with mattresses. 

The now almost universally employed hot process of soap 
manufacture may be dismissed with the remark that at the higher 
temperature employed all the oils and fats used (or, in the Twitch- 
1 Sec pages 10 to 29. 
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ELL process, the fatty acids derived from them) are liquid 
and that their saponification in consequence occurs quickly and 
satisfactorily. Since only a few hours arc necessaiy for c()ini)leie 
saponification by the hot process, this is preferred by (lie manu- 
facturer to the cold process which 
may require several days during 
which his vats, frames and machines 
are kept enqiloyed in lh(‘, manufac- 
ture of a single liatch of soa.[). 

What. lias been wriOiai abovc^ may 
be readily illustrated in laboratory 
ex])erinient.s which follow th(‘, jirac- 
t.ices of the soa]) cluanist. In idg. 
93 are shown thrc'o lieakcn-s all con- 
taining t.lu^ sanui mixturc^s of (motion- 
seed oil and sodium liydroxid, tlum 
amount.s having luMm so (mhosen as 
^ to yi(hl a tlumoret.ic-ally iKuitral soap, 
g In the first l)cmak(‘.r on Hum left and 

B in t.he middle bemakemr, tlum sodium 

0 . . 

iS liydroxid solution has b(m(ni poured 
in a singkm (mhargim into tlum oil, 
the former having bcmcai l(‘ft. without, 
stirring, the latt.er having b(‘(‘.n st irred 
immediately unt il the mixt unm showed 
signs of stiffening. In t lum Ixmakcmr on 
the right, t.he sodium liydroxid wa,s 
added in (.hnum s(‘.parat.(m “charg(‘s” 
(as is the practi(m('. in manufacturing), 
proper stirring following each luuv 
addition of alkali. The photograph 
was taken the following day. It 
will bo obsei-ved t.hat without st irring 
only a thin soap layer (vemry diy) 
forms between the oil and the wateiy alkali and saponification 
seems to come to a stop; that when added at oiume wit.h 
satisfactory stirring a fine clear soap is obtained; that wIkui 
added in three fractions a good soap but of less ixuloct ap])earancc 
results. We shall return to these findings later, Imt, it is evidemnt 
at this time that from a low melting point fat a saiisfact oiy soap 
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may be obtained by the cold process if only the requisite amount 
of sodium hydroxid is added quickly 
and at once, the mixture is stirred 
until it shows definite signs of stiffen- 
ing and is then left to itself. 

Fig. 94 shows that when tlie cotr- 
tonseed oil is hydrogenated, when, in 
other words, its oleic acid is converted 
into stearic (and similarly, perhaps, 
certain other unsatiiratcd acids into 
saturated ones) the cold X)rocess 
no longer sufiic<i8 to make soap. The 
appearance of the limt beakm* on the 
left in Fig. 94 must Ixi compared with 
that of the middki Ijeaker in Fig. 93. 

While no soa[) scicuns to have been 
produ(;ed in the cold, sai)onifieation 
of th(^ hydrog(inated fat is satisfactory 
as soon as the 1 ‘eaction mixture is 
heated for a time, as evidencixl in the 
second bcuiker from the left of Fig. 

94. The same gcuKiral truths are 
brought out in the three right-hand 
beakers of Fig. 94 in which, to mimic 
accepted tcclmical procedures more 
perfectly, a sodium hydroxid of lower 
concentration and a reaction mixture 
containing a larger total of water were 
used t^o accomplish sai>oiufication of 
the hydrogenated cottonseed oil. The 
middle beaker of the whole series 
shows that saponification is again im- 
possible in the cold.’' A partial result 
is obtained if the beaker is heated to 
above the liquefaction point of the fat 
and the mixture is stirred; but to get 
complete saponification the reaction 
mixture must be kept some time at 
this high temperature as shown by the 
satisfactory result in the beaker on the extreme right of the series. 


Figure 94. 
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Having observed how the type of oil or fat employed det ermiiu^s 
from a chemical point of view whether a cold or hoi. procc'ss of 
manufacture will yield best results, we lUK^d t.o r(wic‘w t.Iui whole 
process once more from the i)oinl, of vhw of th(i ch;uig(‘s which 
are incident to the mere mixing of any fat* or oil with an alkali. 
The empiric instructions covering tlu^ proc(‘ss are; again many.* 
In the case of certain oils ” a strongxn- alkali may us(m 1 than 
when the more solid “ fats are (auploy(xl; or in 1 h(‘. casti of the 
former all the alkali may be addcul more (piic'kly or in on(‘ charges 
while in the latter several siKax^ssivc^ and sma.lkn' (*ha.rg(‘s must 
be used. The soap maluw has again I(‘arn(xl from j)ra.clical 
experience what may l)e doin', witli any individual oil or fat, or 
what may be accomplished by mixing or bk'iiding su(*h. What 
do these things mean? 

The older soap cluanists nuxignizcxl that., in (h<‘ir “cold” 
process of manufacture, emulsifu^at ion of tlu^ fat playiMl an 
important role; what happeiuxl in th(‘. hot proct'ss was not so 
clear. 

6. The Mixing of Fat with Alkali. Initial Emulsification 

J. Leimborfer^ has correctly said that th(^ colloid-cdHanistry 
of soaps begins with the commeiKuaiumt of tlu'ir manufaxd.un' 
and in defense of this remark has (unphasizi'd aianv IIh^ signifi- 
cance of emulsification in the cold method of soap manufavlure. 
Leimdorfer points out that wlxm any fal. is mixeui with caustic 
soda solution the two are emiilsifuxl in (‘a,ch ot.h(‘r and that in 
the gum or jelly which results, th(^ pnxx'ss of saponification 
then proceeds to an end. According to LioiMDdRFEit the son]) 
formed adsorbs the alkali and the fat, t lu'. furtheu* n'action 
between these materials occurring in tlu'. soap g(^l itsc'lf, as it waiv.. 
We shall have occasion to touch upon tlu' adsorption ’’ phase's 
of this explanation later. At this ])oint we wish mcux'ly t.o (‘on- 
sider in somewhat greater deitail tJu', initial [irocess of (‘inulsi- 
fication. 

It is held by various auiliors that t.he occurrencx^ or non- 
occurrence of this initial process of emulsification makes possihk' 

^As an illustration of the technical lit.erat.ure extant see, for exuinph', 
Alexander Wait: The Art of Soap Making, Ninth Ini})., London ( 191 S). 

2 J. Leimdorfer: Technologic der Scife, 5, Dresden (1911). 
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or impoasiblo 80<ap formation by the “ cold ” process. This 
(ionclusion has drawn from the fact that the fats which do 
not (nmilsify rciadily in the cold also fail to saponify easily. While 
prop^n* pnwious (‘.niulsihcation do(^s ac(!(^lcrate saponification, the 
r(‘al difficulty is nnsidiuil. in th('. natun', of the fatty acids present 
in th(‘. more', solid fats— (he liiglun* (solid) fatty glyeunids being 
split- with gr(iat.(n- diffienilty and the', n^sulting fatt-y acids comlnn- 
ing morc^ slowly with alkali at low t-cunperatures than do the 
more^ li(|uid oils with their lowen* and more nearly liquid fatty 
e.(;ids. 

For t-lu'. prodiKition of an emulsion, whether soap l)e made 
by (h(‘. (^old oi* th(‘ hot proc(‘ss and wh(*.t.her from iKUitral fat or 
tlu^ fnu' fatty acids, it is neuuissaiy to liold dist-inct-ly in mind the 
nu'n^ nidla'/Kj of tli('. ('inulsion and its sub.s(H|U(‘nt ^talnhization. 
Aid is r(‘.n(l(u*(*d tlu* first ])roc(‘.ss by th(^ mcudianical agitation 
inchkuit. t-o th(^ men^ mixing of tlu' soap-ke'-ttle constituents. 
Usually, also, a nc'.w hat.ch of soap is start-ed Ivy running the new 
mass of fat or oil t-o b('. sa[)onifi(uI int-o a kc'.ttk*. containing the 
soap nunmints l(‘ft from a- ])r('.vious run. But- (wem if a caustic 
alkali is run at- onc(^ int-o a cold or a hot- fat, soaj) formation Ix'gins 
v(uy (juidvly, for ra-rdy ar<‘- th(^s(‘, substances free^ from a certain 
amount, of free', fatly acid. As pnwiously emjdiasized, it is not 
])ossihl(^ to (amilsify fat in ])ure watc'.r. In soap manufacture, 
thcu’c^forc^, the fat is not emulsified in water hut, as is necessary in 
all such instances, in a liquid hydrated collm’d. H(mc(i the use- 
fuliu'ss of Ix^ginning wit-h a soap stock, tlu^ greater ease of emulsi- 
fi(;atlon if tlu'. fat usexl is li(|uid at the temperature employixl and 
(jontains free fatty acid, and t-he exceeding shnplicity of the whok' 
pro(X'.ss if all t-he soap is mad(^ from fnxi fatt-y acid (by t-he Twitch- 
ell pro(X‘ss). The first pod.ion of hyclrated (jolloid found 
or |)ro(lu(uxl in t-h('. soa]) k(d.tl('. then p(vnnits the fats or fatty acids 
add(xl subs('(iu<‘ntly t-o Ix^ propeily and permanent, ly emulsified 
in tlu'in. 

Th(^ (xise wit-li wliich such emulsification is obtained is in 
its turn n'sickmt in the physical qualities of the fat itself. It 
is obvious that emulsification can be obtained more easily in the 
case of a low nudt-ing point fat, like the liquid oils, than in that 
of the more solid fats, like tallow, stearin or Japan wax. Emul- 
sions are subdivisions of a liquid in a liquid. To get the more' 
solid fats into this state an increase in temperature is therefore 
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demanded. It is tor this reason that the high meltine i»im 
fats, which ate least likely to yield satisfactory omuls, <a» (,u.< 



which saponify badly) at low temperatures, are best used 
higher temperatures. 

Another factor in this matter of emulsification is found 
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the properties of the soap formed to act as the colloid hydrate 
for the emulsilication of the fat. For proper emulsification there 



95. 


is necessaiy not only an optimum concentration of the soap 
used, but also a suitable kind of soap. 

For soap manufacture by the cold process the ^aps of the 
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lower fatty acids of the acetic series and the oh^alt^s, lin<)lat(\s, 
etc., act best as emulsifying agents, for theses yic^Id licfuid hydrated 
colloids at the low temperatures prevailing in t-he ix^acl ion mixt ure. 
When, however, soap manufacture is carritHl out. at a higlun* 
temperature it is obvious that soaps of i.hc higher fatt.y ac'ids 
will act better, for at those higlier tompcu'at.urc^s the', soaps of t he 
lower fatty acids will have gone into t.rue solution/’ thus losing 
their hydrophilic character. Whil(‘. th(i soa])s of th(^ higlun* fatty 
acids are solid in the cold ])rocess iind of litt.k^ us(‘. for (emulsi- 
fication purposes, they beciome licpiid liydratced c.olloids at. tine 
higher temperatures and stalfilize any emulsion that may l)ce 
formed. 

It is of interest to examine micros(eopi(eally the (*liang(es ind- 
dent to this emulsificat.ion ])i*oe,(ess. h'ig. 1)5 shows tlue su(*e(‘ssiv(e 
changes observable when soap is madee by Hue ceold ])ro(*<‘ss from 
cottonseed oil and caustic soda. Aft.(er ttue two materials hav(‘ 
been stirred into each other as pneviously dcescerilKed for t h(‘ middhe 
beaker of Fig. 93, a soap is ra})idly form(ed.(sin(ec (eott.onstecul oil 
usually contains some frcee fatty acid) in whi(eh tlie unus(ed portions 
of oil then become dispersed as shown in photomicrograph A 
of Fig. 95. If a drop of this nnxture is wat-celued undeer t lue micro- 
scope for a little time, the oil dropkets ane found to diminish in 
size while becoming surrounded with an irueneasingly thi(ek(er halo 
of hydrated soap. This is shown in B, Tlue halo grows in thick- 
ness until the whole alkali-fat mixture set.s into a firm j(elly, tlue 
appearance at this stage being nepreesented by (/. In tlue (eours(‘ 
of a number of hours or sceveral days t.he whole neacetlon mixtune 
comes to chemical equilibrium, when it pr(^s(ent.s the tnorce or 
less uniform appearance of 7). Tins final picet.ure rcepnescentps a 
hydrated mixed soap in whicjh t.he soaps of t.lue higluer fat-ty acids 
tend to crystallize within the soaps possessed of lower melting 
points. 

6. Concentration of Alkali and Method of Adding it for 
Saponification 

We need now to go back over t.he course of soap making a 
third time in order to analyze for a moment sonu^ of t.lu^ practi(;al 
facts utilized in determining the method and t.he conccntrat.ion 
at which an alkali is added to different fats and oils for their 
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sapoiiifieaiioii. It may bo stai-od as generally true that alkali 
may be adcUxl in high e.oncontration or in a single charge of the 
theoretically ncc(\ssaiy amount only to such liquid fats as cotton- 
seed oil, castor oil, linsecul oil, cocoanut oil or palm kernel oil. 
When tallow, sioarin or Ja])an wax soap is to be made, the alkali 
must be adcknl in s(W(‘.ral smaller charges and the concentration 
of alkali in th('. individual (^harge^s must be lower. To give specific 
exampk^.s t.lu^ following may b(‘, cited. Ijinseed oil may be saponi- 
fied by adding to it at on(‘.(‘. t.ho requisite amount of sodium hy- 
(Iroxid a,t 24^ to 2(S‘^ Baum6 (17.() to 21.4 percent); cocoanut oil 
will t,ol{n-at.(^ a first cha,rg(^ at 1()° to 20^ Baumd (10.9 to 14.3 per- 
(umt.). Against theses iigun's tallow tnust be treated with a first 
fractional cha.i’g('. a,t 11” Baiim6 (7.3 percent) succeeded by a 
second at 12” to 15” Baum6 (8.0 to 10.0 percent). Even the 
final (diargxi may not. safeiy exccod 20” Baum6 (14.3 percent). 
What, is tlu^ (‘X})lanat,i<)n for tluvse empirically well known facts? 
It is not a matf.cn* m(u*(iy of t.he readier saponification of the lower 
melt.ing point fatty acids found in the oils or of the greater tendency 
of the high(‘r fat.ty acid soaps t.o hydrolyze. Were this the case, 
then t-hc'. higher concemtrations of alkali should act best upon 
the higluu* meriting ])oint fats, while just the opposite is the case. 
It is the greMer scn.siMvcness of the soaps of the higher fatty acids to 
salting-out effects (of t.lu^ sodium hydroxid in this case) which 
explains these empiric findings. The soaps of castor oil, linseed 
oil and (;o(*,()auut/ oil c.an sciarctiy be salted out by sodium hydroxid 
at any conccufi.rat.ion, while the sodium palmitate, stearate, 
arachidatc^, (i.(i., formed from tallow, Japan wax, etc., come out 
in V(iry low (ionccmt.rations of alkali.^ The use of larger volumes 
of sodium liydroxid containing lower concentrations of the alkali 
in i,h(i producfiion of thc'. tallow soaps moans that the soap as 
formcul has morc^ s<)lv(^nt pr(‘,seiit in which “ to dissolve ” while 
the concentration of alkali i)resent in this solvent is not suflScient 
to salt out t.h(^ soa]). The alkali added in a first charge is lost 
from the systenn as it coml)ines with the fat to make soap, in 
consequence of which the second charge may be of higher concen- 
tration for this is quickly diluted on entering the soap kettle by 
the volume of water carried in with the first charge. With the 
second charge of alkali used up in saponification, the third charge 
is quickly diluted with the water left from the previous charges to 
^ See pages 116 to 120. 
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a concentration which will not in its turn salt, out the soap, for 
it is at all times the concentration and not the amount of alkali 
(or other salt) in the entire soap/water system which (Udermiiu^s 
its saltin^-out effects. 

Given the qualitative com/position of a fat, the upper limit of the 
concentration of any hydroxid which may be used for its saponi’- 
fication is detennined by the concentration at which the soap of the 
highest fatty acid found in that fat is salted out at the temperature 
prevailmg in the soap vat. 

7. The Changes in Soap Systems Consequent upon Cooling 

The first change to be discussed as tlu^ U'lnpcu’atun* of a boiling 
soap/water system is low(u-(ul (whctlun* il contains glycerin or 
not) is that of its tendcauiy to (diangi^ from what at th(‘ higluT 
temperature was a solution of soap-in~wal(‘.r to that whic'h at the 
lower is one of watetr-in-soap. Tlu^ appanmtly (tontradict.oiy 
findings and views whicJi different authors hav(^ r(‘<dt.(Mi covcu'ing 
the nature of the chang(‘s obscnwcul may all \h\ hannonizcnl when 
these changes from on(^ system to tlu^ otluo* (im^hiding the pos- 
sible intermediates of an (emulsion ” of hydrat(‘d soap in soap 
water followed by one of soap watcn* in hydrat.(^d soap) are kept 
in mind. 

Beginning with the days of Ciinvunun, the soaps w(U*e h(‘ld to 
be salts of the fatty acids containing a d(dinit.e amount of water 
of crystallization which on solution in waltu* yic‘ld(Hl sohitions 
like all other salhs. Many physictal chemists lu^ld to this view 
into the nineties of the last century, for pure and mixcal soaps in 
dilute solution showed an osmotic pn^ssun^ an ehad rir'a! conduc- 
tivity, a depression of the frec^zing poin(. or (‘kwation of tlu^ boiling 
point quite like normal ” ekictrolytes. (Jamkh W. McBain, M. 
Taylor, C. C. V. Cornish and H.. C. Bowden,* M(?Bain and 
Taylor^). Following the studies of V. KuAFrr and II. Wiglow/^ 

1 James W. McBain, M. Taylor, C. C. V. Cornish and R. C. Bowden: 
Berich. d. deut. chem. Geaellsch., 4S, 321 (1910); Jour. Chern. Hoc., 101, 
2041 (1913). 

2 McBain and Taylor: Zeitschr. f. phyaik. Cliem., 76, 179 (1911); 
since this time, however, these authors have modified theur views; see 
Jour. Am. Chem. Soc., 42, 420 (1920). 

^ F. Krapft and H. Wiglow: Berich. d. deut. chem. Cc^Hellach., 28, 2573 
(1895). 
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A. Smits/ F. Goldschmidt and L. Weissmann,^ these views 
received modification. Krafft and Wiglow observed that when 
the soaps of the higher fatty acids were studied at low tempera- 
tures these commonly did not lower the freezing point in the cal- 
culated amount; and Goldschmidt found that the electrical con- 
ductivity was not as high as theory demanded. The same soaps 
when studied at sufficiently high temperatures did, however, 
show the behavior of normal electrolytes. Obviously the earlier 
observers and those working at high temperatures dealt with what 
were essentially true solutions of soaps in water; the latter stu- 
dents of the problem, working at lower temperatures and with 
higher fatty acid soaps, dealt with mixed systems. The former 
worked in the region A of Figs. 48 and 49 ; the latter anywhere below 
this but still in regions in which were present solutions of soap-in- 
water admixed with solutions of water-in-soap. What characteristics 
of a true ’’ solution their mixtures still showed were dependent 
upon the presence of the former; the characteristics at variance with 
those anticipated^ in other words, the “ colloid properties of the 
systems were dependent upon the latter. 

8. The Salting-Out of Mixed Soaps 

The salting -out of mixed soaps has been made the object of 
special study by Merklen ^ and Leimdorfer.^ Both give excel- 
lent analyses of the content of soap, water and dissolved sub- 
stances (like alkali and salts) present in the two main phases, the 
lye and the curd or settled soap, which may be ob- 
tained after complete or partial salting-out. 

The observations detailed in the previous pages on the salting- 
out of the different soaps help us to explain, we think, in simpler 
fashion than is generally the case the series of changes observed 
in the contents of the soap kettle when salted and cooled. In the 
ordinary salting-out process common sodium chlorid is shoveled 
into the boiling soap kettle in dry form. Assuming that it goes 
into solution at once, it is obvious that there follows a progressive 
increase in the concentration of the salt in a soap/water system. 

1 A. Smits: Zeitschr. f. physik. Chem,, 45, 608 (1903). 

2F. Goldschmidt and L. Weissmaj^n: Zeitschr. f. Electrochem., 18, 380 
(1912). 

3 Francois Merklen: Die Kemseifen, trans. by Franz Goldschmidt. 
HaUe a/s (1907). 

^ J. LeimdoRfer: Technologic der Seife, Dresden (1911). 
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While it is ordinarily thought that all the soaps present in the mix- 
ture of soaps in the soap kettle begin to separate out as soon as a 
sufficient concentration of the salt has been obtained, the quan- 
titative studies previously detailed show that this is by no means 
the case. A concentration of salt which will salt out the soaps 
of the higher fatty acids of the acetic series will obviously be 
reached sooner than one which will salt out the lower soaps. 
While, for instance, a sodium stearate is salted out in the cold 
by a 5° Baum6 sodium chloric! solution, sodium laurate requires 
a 17° Baum6 salt water (C. Stiepel ^). The general truth of this 
law finds expression in the fact that after apparent total separation 
of the mixed soaps as a curd from the spent lye, the latter still 
contains some soap. But the contained soaps are essentially 
those of the lower fatty acids. The curd 'per contra is relatively 
poor in these. 

During the process of salting-out, a soap mixture frequently 
“ gums,” “ goes stringy ” and tends to boil over, a situation 
which the practical soap maker has learned to meet by rapidly 
shoveling in more salt. The explanation of what happens is 
found in the experiments on the salting-out of soaps. Before 
complete salting-out is obtained the previously liquid soap mix- 
tures tend to gel because of the emulsification within them of 
salt-water. Through the addition of more salt, however, the 
amount of this salt-water phase is increased and as this happens, 
change in type of emulsion occurs — the hydrated soap now becom- 
ing dispersed within the salt-water as the external phase, — and 
the viscosity of the kettle contents falls. 

It is the common practice in the salting-out of soaps to add 
dry salt to the soap kettle. This represents economy, of course, 
from the point of view of the amount of salt needed, for it is the 
concentration of the salt in the total volume of water present 
which determines when the mixed soaps will come out of solu- 
tion.” Solution of the crystals of salt in the soap kettle, how- 
ever, takes time and even the shoveling in of more salt into the 
soap kettle does not at once increase the concentration of dis- 
solved salt. The use of a proper brine under such circumstances 
would work better and more rapidly in bringing the soap kettle 
contents to the safe side of the gelation point of the mixture. 

1 C. Stiepel: Fette, Oele und Wachse, usw., 112, Leipzig (1911). See also 
page 116. 
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There needs also to ])e explained the differences incident to the 
salting-oiit. of soap at a hi^h teini)erature and at a lower one. 
Soap inon^ soluble m water at a higher ternperature, a higher 
absolute coiu^cad ration of salt is ix^cpiired t.o salt it out at such 
than at. a lower onc^. The slow ixwersal in the system from one of 
soap-in-wat.(u- to oiu^ of water-in-soap witli lowering of tempera- 
ture needs also to he. kept in mind. This explains the slow gela- 
tion commonly oI)S(‘i*V(mI in t.h(‘ “ lye ” after the whole soaj)-watcr- 
salt mixt.ure has l)een allowed t.o st.and for a number of hours. 
The soaps of the lowcu* fatt.y acids whie.h are st.ill soluble in water 
at the higluu* t.empcu-at.ures, (wen when sodium chlorid or other 
salt has beem add(Ml to the point, where most of the soaps are salted 
out, slowly (!om<^ out of solut ion, become hydrated, and if enough 
of such are i)res(int, t he lyc^ itsedf gels.^ 

9. The Finishing of Soap 

Soap may b(‘. finished ” for market purposes in the soaj) kettle 
its(df. Mon^ commonly, how(*V(n-, the curd obtained after 
completes salting-out of a soap is nduuited, nMlissolved in morci or 
less wat(U' and saltcul out. more or less completcdy a scHJond time 
by again being tnuited with sodium chlorid of different concen- 
trations. 

D(^pcmding, on tlu^, one hand, upon t.he kind of fat t.y acids and 
their quant itative^ ndation t.o each other in a given mixturci (fac- 
tors commonly ignonul), upon the other, on t.he amotint of sodium 
chlorid add(Kl, t.heix^ may b(^ obtained (1) a grained or curd soap, 
(2) a settled soap, (3) a half-settled soap or (4) a soft soap. 

1 This is the system obtained in making a “settled” soap (the “Kernscife 
auf Leirnniedersehlag ” of the Clerrnans) and that upon which Mkiiklen 
made moat of his oV)servati()ns. lie considers th(^ gelatinous lye “a solution 
of soaps in an alkalim^ lye <‘ont.aining salts;” the soap curd also “a sohition 
of soaps in an alkaline lye containing salts” and holds the two to n^present 
“phases” in equilihrium with each other (Fuancois Mkrklen: I)i(‘ Kern- 
seifen 13, Ilallea /S (1907)). As obvious from the above, the “curd” phase is a 
highly (‘oncentrated one of hydrated (higher fatty acid) soap c.ontainiiig sonn^ 
salt-water emulsified in it; the “lye” phase (when gelatinous) also one of 
hydrated (lower fatty acid) soap of lower concentration and containing a 
high percentage of salt-water emulsified within it. See the succeeding section. 
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§1 

The grained or curd soap is obtained whenever enough sodium 
chlorid is added for complete salting-out of the soap. Under such 
circumstances the vat contents separate into two distinct phases; 
an upper consisting in essence of pure soap containing very little 
water and very little sodium chlorid, and a lower, in essence only a 
strong sodium chlorid solution containing practically no soap. 

For the production of a settled soap a lower concentration of 
sodium chlorid is used. Under such circumstances separation 
into two phases also occurs. The upper is again essentially a 
curd soap bub it is less dry this time. Because of the larger 
proportion of water the soap is smoother and of a more homogene- 
ous structure. It also contains a larger fraction of salt. The 
lower phase is still in essence a “ salt solution but because of 
the less perfect salting-out of the soap (especially of those soaps 
least sensitive to salt action) this phase still contains so high a 
fraction of “ dissolved soap that on cooling it jellies. The soap 
system as a whole represents what the Germans call Kernseife 
auf Leimniederschlag and it is this system which Francois 
Merklen ^ has studied in detail and to which he has applied the 
phase rule. We question whether the true nature of the two phases 
has been correctly understood by this author, — scarcely a matter 
of surprise when it is remembered that he worked throughout 
with mixed soaps. In our judgment, the series of changes ob- 
served and the nature of the two phases finally obtained seems 
to be as follows. The concentration of sodium chlorid added to 
the original soap solution is such as will salt out the various soaps 
unequally well and only partially. The soaps most sensitive to 
the presence of salt will obviously tend to come out first, whence 
the upper phase or curd (rich in soaps of the higher members 
of the acetic series, the oleates, linolates, etc., and relatively poor 
in water) caught in the meshes of which is a certain amount of 
salt water. The latter is responsible for the higher fraction of 
salt found in settled soaps when compared with pure curd soaps. 
Some soaps, especially those produced from the lower members of 
the acetic series, remain in solution in the lower or salt water 
phase but with time these, too, fall out of solution and become 

^ pRANgois Merklen: Etude surla constitution des savons du commerce, 
Marseilles (1906). 
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hydrated, when(;e the late jellying of the lower of the two phases 
in the vat. Aft(‘r siK^h jellying has occnirred, the lower phases is 
qualitatively similar t.o tlu^ upper phase but different in quan- 
titat-iv(i coTiiposition. The lowc^r phase, too, is an emulsion of 
salt wat('.r in hydrat-ed soap, but. viewed as a whole this system 
is i)oor(U* in soap, and richer in water and sodium chlorid. 

To i)rodu(t(^ half-settled soap^ still less sodium (dilorid is used in 
the finishing of an originally (uirded soap or, as commonly pra(i- 
ticed, not (mough salt is addcul t.o the liot contents of the soap 
kettles t.o get any salting-out. On cooling, t.he kettle contents sim- 
ply l) 0 (a)me fairly solid. Separation into two distinct phases 
does not. otanir, tlu*! conbmts of the kettle or soap vat simply 
changing to a soap whic.h in ess(mce is an emulsion of salt water in 
a relatively highly hydrated soaj). 

If the at.tcanpt, is mad<i t.o in(*,rease still further the water- 
holding (5apaci(y of a soap, a mixtuni is finally obtained which is 
no longcu* d(‘finit(^ly solid, W(‘. then have a so-called soft soap. 

Th(^ above paragraphs hav(‘. d(^.scrib(Ml t.he finishing pnxu'ss in 
soap manufacd.ure as carricul out. with sodium chlorid. In i)rac- 
tice, how(‘V(‘.r, otlun* mat,erials having an ac.t.ion similar t.o that of 
sodium chlorid may b(^, and are, used to accomplish similar 
ends. Instead, of being ^'filled’’ with sodium chlorid solution, 
soaps may b(‘ filknl with ingnalituits more useful in washing, likc^ 
sodium carbonat(‘., borax or wat.er-glassd Under such circum- 
staruics tiu^r(‘. ar(‘. also obtained as final products, (unulsions or 
solutions ” of these various materials in hydrated soap. 

§2 

The inequality in distribution of such a dissolved substance 
as sodium chlorid, alkali or sodium carbonate between the 
two phases commonly produced in a soap vat (the upper soap- 
rich phase and tlui lower soap-poor phase) has often been inter- 
preted in the terms of adsorption.” There is still much debate 
about the nature of adsorption, though it is generally assumed 
that the union between adsorbent and adsorbed material is of a 
physical character and that it follows the adsorption law, which 
states, in brief, that an adsorbent will take up relatively more 
of a dissolved substance from a dilute solution than from a more 
1 See the succeeding section, page 192. 
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concentrated one. Without pointing out that none of the authors 
who have used the concepts of adsorption for the elucidation of 
various problems in soap-making have ever supported their con- 
tentions with any figures, it is obvious, if the views expressed 
above are correct, that what they have taken as evidences of ad- 
sorption ” between various so-called dissolved substances and the 
soaps (alkali, fat and soap in the original soap kettle; water, salt 
and soap in the salting-out process; sodium carbonate, water- 
glass and soap in the “ filling process, etc.) can all be more easily 
understood merely as the expression of the emulsification of 07ie type 
of liquid (like fat or salt solution) in a second (the soaps of the 
various fatty acids with their variable hydration capacities) . 

§3 

In the finishing of soaps (particularly the toilet soaps) for the 
market, there is often added glycerin or some other alcohol. 
Under such circumstances the product is more likely to be trans- 
parent. The reasons for this are found in the nature of the col- 
loid-chemical system soap/alcohol as compared with that of soap/ 
water. The former is uniformly clearer than the latter. From 
certain soap/alcohol systems, like sodium palmitate with benzyl 
alcohol^ finished soaps may be obtained which are glasslike in 
appearance. • 

10. Some Physical Constants of Market Soaps 

§1 

Exclusive of admixture with non-saponifiable materials, exclu- 
sive of the effects of all additions in the way of excess alkali, salts 
or fillers and exclusive also of variation in type of solvent (pres- 
ence or absence of glycerin or other alcohols) a correct estimate of 
what will be the physico-chemical properties of any soap must 
evidently depend first, upon the kind, the number and the relative 
proportions of the fatty acids found in the original fat used for 
saponification. With a given base and with a constant solvent 
(water) the result is that obtained when such a mixture of dif- 
ferent soaps is allowed to come together in the presence of a lim- 
ited amount of water. 

The ordinary bar of pure soap is therefore essentially only a 
sohd solution of water in a mixture of sodium soaps. Except 
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in the instances of soaps <i(^signe(I to meet special purposes, the 
stock sodium soap (contains a long list of different fatty acids 
and as such scn’vcis to m(^.ct. te(dmologic needs under the largest 
numl)er of ordinary circumstances. Usually, in the manufacture 
of such soap some liquid oil or fat (like cocoanut oil) has had 
added to it smalk^r fractions of the more solid fats (like stearin, 
tallow or Japan wax). "Plie r(‘.sult. is a set of some eight to fifteen 
diff(u*ent soai)s of widely vaiying “ solu])ility in wator and sen- 
sitiveuK'SS to salt. acdJon, and possessc^d of a chain of fatty acids of 
progressively diffen’cmt nuJting points. 

Wh(‘n such a mixenl soap is com])letely salted out from its 
solvemt ” as a curd soa{) it is a nJat.iveJy dry affair, the yield 
from 100 parts of tlK‘. original fat txJng only al)out 150 parts of 
finisluxl soap. Wlum luuitral and carefully handled this is the 
basis of most of tlu^ (xnnmon toikj. soaps. Tlui advanttxges of 
such amat.eu’ial for all ordimuy purpos(\s ar(‘ obvious. The soap is 
fr(H‘. from any (‘xcc^ss of alkali or sodium (dilorid and the senies of 
soaps pr(',s(mt. yiedds a satisfact.oiy (liepiid) hydrateul colloid with 
water at any of t h(‘. ordinary Unnper-at.iires at. which it may l.)e used. 
Sincx'-, moi’(X)V(u*, in the salt.ing-out ])r*o(‘,(^.ss, the higher acetic 
serk^s soaps (;ome out first, and t he loweu- om^s with the oleat^i come 
out lat(w, i\u) arranijcment of t.hc'. diff(‘,r(mt soaps within the solid 
bar is also siudi t hat t.h(^ most, readily “ s()lul)k^ ” soaps become 
hydrated and dissolve*, first, t.hus favoring disintegration of the 
l)ar for the production of the hydrated liquid colloid required 
for washing. 

It is wcdl to disc.uss here the composition and nature of t.he 
so-called hot and (a>ld water soaps and the marine soaps. A 
caM water soap is one which will in cold water yield the (liquid) 
hydrat.cul colloid necessary for washing. Obviously only soaps 
rich in t.he loweu* fat.ty acids of t.he acetic series will do this, and 
hciiice t.he use of pure cocoanut oil for the pi'oduct.ion of such a 
soa}), and the omission from t.he soap kettle of fats rich in palmitic, 
stearic and ai-acJiidic acids; for the same reason fats containing 
in essence only oleic, linolic and similarly constituted arnds 
are used for such soaps. On the other hand a hot water soap 
must contain the higher fatty acids, for at higher temperatures 
the lower soaps dissolve '' and pass through the liquid hydro- 
philic colloid state into true solution too rapidly. The murine 
soaps are such as will maintain their hydrophilic colloid properties 
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(and consequently will wash) ev(\n in r(‘la<.iv(‘ly highly coimni- 
trated salt solutions, like sea water. Tlu' ordinary soaps rich 
in the stearates and ])ahuitat.es an'. us(d('ss uiak'i* such (*in*um» 
stances, but the soaps of pure cocoanut. oil and sirnilaiiy con- 
stituted fats work veiy well, for tluir (udin^ soap seric's is largely 
unaffected by sodium chlorid of tlui conctmt.raiion found in sc'a 
water. 

The settled soaps, which arc^ smoollu'r and d(‘(‘id(Hlly 1 (»hh dry 
than the curd soaps, owe thes('. prop(uii(‘s to th(‘ fact that tiny 
hold more water than the latt(n-. In tlu^ curd soaps tlu' highc'r, 
more solid and more ciyslallin(‘. soaps l('nd to fall out witliin 
the more liquid oru^s, thus making for non-homogcmcous soap 
mixtures. When through sucli l(‘ss jx'rh'c.t salting-(Mil th(‘S(' higlna* 
soaps are permitted to hold a larg('r fraction of water tlu' whr^k' 
system appears clearca*. IhMtausc' of th(‘ higher wattu* contemt 
100 parts of the mmul fats commonly yi('ld 175 to 2(K) parts 
by weight of finished soap of tlui s(^ttl(^d typ(^ 

The half-settled soaps and iho. soft soaps an^ usually made 
from the kettle contents dirc'.ct. Tluy dither from (Uird and settled 
soaps in containing a still larger fraction of wat('r (‘ommonly 
250 to 600 parts of finish(ul soap lu'ing ohtaintid from 1(K) parts 
of fat. The water in these soaps is laid in part in tht^ soaj) itsedf, 
in equally large or even largcn* fraction, how(‘V(n\ as wat(‘r joiiH'd 
to filler. The filler may be sodium chlorid hut commonly it. is 
water-glass, excess alkali, sodium carbonates or sodium horat(\ 
or two or more of these in condonation. Whcai sodium soaps 
are filled with these materials a final product is ol>tain(‘d winch 
is still fairly firm. The distinctly soft, soaps are usually pot-assium 
soaps made from fats and fatty acids of low meeting points. 
These may be and are filled with pot.aHsium salts so that the 
final yield may be as great, as ten times the orginal wc'ight of tlu^ 
fat used. When the filling of potassium soaps is carrieul out with 
sodium salts a partial conve^rsion to sodium soap occiu’s wluch 
tends to make the final product less soft. 


§2 

In connection with the above facts whi(‘h sliow how much 
water different soaps may be made to hold, it. is of intcr<>st to 
introduce some experiments of C. Stiepkl ^ oii the hygroscopic 
^ C. Stiepel: Fette, Dele und Wachac, uhw,, 1(K), I.it»ips 5 ig (1911). 
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properties of the sodium and potassium soaps of different fatty 
acids. Stiepel found that 100 parts of the following dry soaps 
would take up /rom the air the following number of parts by weight 


of water; 

Potassium oleate 162 

Potassium palmitatc 55 

Potassium stearate 30 

Sodium oleate 12 

Sodium palrnitate 8 

Sodium stearate 7.5 


As we. consider the water-holding power of different soaps 
against the forces of evaporation of much biological importance 
(since the metallic fatty acid compounds are analogous; in our 
mindS; to the mei-allic amino (fatty) acid compounds which 
make up protoplasm^) we wish to insert here some experiments 
on the rate of wat.er loss by various soaps when exposed to ordi- 
nary atmos])heric conditions. The relationship between the 
chemical constitution of a soap and that of the rate at which 
any amount of water it holds in colloid-chemical union is lost 
to the air is shown by the following: 

When 10 graiiis of half molar solutions ” of different soaps 
of the acetic scri(‘.s are placed in low evaporating dishes, 10 cm. 
in diameter, and allowed to lose water at 18° C., the relative 
percent.iiges of weight lost/ at the end of seventy-two hours are 
as indicated in Table LVI. There in obviously an inhibition to 
water loss by evaporation as the acetic series is ascended and a greater 
water loss in the case of the sodium soaps than in that of the potassium 
soaps. 

TABLE LVI 



Na 

K 

Propionate 

95.2 

93.0 

Butyrate 

92.0 

93.0 

Valerate 

93.0 

93.0 

Caproate 

91.0 

90.0 

Caprylate 

90.0 

91.4 

Caprato 

86.0 

88.0 

Laurate 

87.0 

87.0 

Myristate 

85.0 

83.0 

Palrnitate 

83.0 

30.0 

Margaratc 

85.4 

15.4 

Stearate 

79.0 

16.0 


^ 8ee page 205, 
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When hah molar solutions '' of sodium and potassium oleate 
are studied under similar circumstances the values differ as 
follows: 

Na K 

Oleate 81 

11. The Conversion of One Soap into Another 

The fact previously stated that one metal will never com- 
pletely displace the metal from another soap but that the system 
will merely tend to the production of a state of equilibrium 
between the two has long been taken advantage of in various 
ways in practical soap manufacture, both in the direction of the 
production of a less “ soluble ” soap from a more soluble one 
and vice versa. 

Under the first heading may be cited the production of sodium 
soaps from potassium soaps. While the process has been largely 
discarded, it remains an interesting illustration of how, empiri- 
cally, good methods are followed even when the reasons for the 
practices are imperfectly understood. Especially in the manu- 
facture of sodium tallow soap was it long considered best 
to start its production through the addition of caustic potash 
to the “ tallow.^^ After the fat was converted into potassium 
soap, this was changed into sodium soap and subsequently salted 
out through addition of sodium chlorid. It is self-evident that 
the procedure in reality represents the production of a potassium 
soap followed by its (partial) decomposition to sodium soap 
through addition of the sodium salt, and the subsequent salting- 
out of this mixed potassium-sodium soap by the excess of sodium 
chlorid mixed with the potassium chlorid formed through double 
decomposition. -The process has been largely discarded in this 
country because of the high cost of potassium hydroxid and 
the lower cost of sodium hydroxid, but it is a question whether 
in so doing something of advantage in the quality of the soap 
produced has not also been sacrificed. The tallow soaps 
(and still more those now produced from hydrogenated cotton- 
seed and other oils) are soaps rich in the higher fatty acids (espe- 
cially palmitic and stearic) and to produce in the soap kettle 
the potassium soaps of these compounds is to produce such as 
are decidedly more soluble (and hence more quickly obtained) 
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than the corresponding sodium soaps. But oven after their 
conversion into the sodium soaps, those made l)y the indirect 
process have advant.ages not possessed by t,he sodium soaps 
produced directly, the sodimn soaps produced by the indirect 
proc(^ss lading not only softer and smoother but being generally 
more satisfactory in the matter of latjiering and for washing 
purposes tluin tlio straight sodium soaps. These advantages 
are depemdent upon the fact that through indirect manufacture 
the potassium soap is not. comphtely convert.ed to sodium soap; 
it continues to (uiny admixed a c(‘.riain remnant of potassium 
soap, the technologic! advantage! of which over t.hc! sodium soap 
is particularly mark(!d wh(!n the higher fatty acids are concerned. 

Advant.iigc! of th(!S(! gen(!i*al t.riitlis continues to b(! taken in the 
present day manufa(!t.ur(! of th(! “ shaving soaps, which are 
essentially only car(!fully nc^utralized soaj)s, which in addition to 
sodium cany a (!(!rtain amount of ])otassium as the base combined 
with the fatty acids. B(!(!aiis(! of th(!ir (!ont.(!nt of potassium 
soaps, (!sp(!(!ially of tlu! liiglier fatt.y acids, the shaving soaps 
lath(!r more! (Misily t.han tlu! pun! sodium soaps and are subse- 
qu(!nt.ly l(\ss likely to “ dry on the fac(!.'' 

Various pat(!nts and processes are known to the soap manu- 
fact.un'r in whi(!li fats and oils ar(! first saponifi(!d with ammo- 
nium hydroxid and the ammonium soap is then converted into 
sodium soap t.hrough addition of sodium chlorid or sodium car- 
bonate!. ddie und(!rlying principles are again the same; the advan- 
tages of tire r(!sult.ing soap are again those of having admixed in 
the sodium soap a certain amount of more soluble ” ammo- 
nium soap. 

Th(! rev(!rsc situation, namely, that of making a “ more sol- 
uble soap from a less soluble one is illustrated in the P. Krebitz 
process of gly(!(!rin and soap manufacture. In this the fat or oil 
is first conv(!rt.(!d into (!al(!ium soap by boiling it with caustic lime. 
The granular calcium soap thus produced is then changed to 
sodium soap through the addition of sodium carbonate. As in 
the previously described process, in which a certain amount of 
potassium is carried over, the resultant soap in this instance 
carries over certmn of the attributes of the original calcium soap. 
Soaps made l)y this process are therefore dryer, more brittle, 
and incline to be whiter than the corresponding pure sodium 
soaps made directly from the same fatty acids. 
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II 

FILLERS FOR SOAPS 

The extensive use of various fillers in ilie inanufact.ure of soaps 
necessitates touching upon this problem. It. has ham (iis(niss(Hi 
from many points of view. Various invcmtors and manufac- 
turers have been honest in stating that tlu^ primary puri)()s(‘ of 
such fillers is to meet the demand for cluaip ” soap. ()t.h(n*s, to 
justify the procedure, emphasize tlu^ improvcul washing charac- 
teristics of such soaps. Thus, a cert ain (‘.xta^ss of alkali is act ually 
necessary in the soaps used for ck^ansing wool; an (‘xci\ss of 
sodium carbonate acts as a soft.en(n-, wlum, as is (commonly the 
case, untreated water containing calcium or magiu^sium is used; 
water-glass, so commonly used to fill soaps, has (^olloid-clu^mical 
properties similar to those of soap itscdf. On th(^ ot.lun* hand, 
sugar tends to keep soaps transparent, while varioiis sands and 
pumice give them abrasive properties which may of s(n’ivce in 
various technologic procedures. The fact nnnains, how(‘V<‘r, that 
“ fillers are commonly materials decidedly cluutpcir t han soap 
itself, that they tend, in general, to add weight or watcu* to the 
finished product and that in most instance's, as one of our soap 
chemist friends (C. P. Long) puts it, they hasten the millennium 
when the soap maker will be able to get a bar of water to stand 
alone.^' 

Our problem is fortunately not concerned with the nex^essitic^s 
or the moralities of the situation, but with the (iiu'st.ion of what the 
mixture of soap with these materials means in the terms of (iolloid 
chemistry. 

Most of the materials used to fill soaps (exclusive of inconse- 
quential amounts of perfume, various coloring substanc^es (com- 
monly employed, and certain dirt solvents like naphtha) may 
be listed with some one of the following three groups. 

Group I. Sodium chlorid, sodium carbonate, sodium borate 
and sodium silicate. 

Group II . Sugar solutions. 
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Group 11 L 

(A) Pot-at.o flour, tapioca meal, starches and seed husks. 

(B) (day, baiyt(\s, asl)cstos, chalk and solutions of magnesium 
salts (?) 

From a (^olloid-cdiemical point of view, it is easiest i.o dispose 
of the third group fimt.. With the exception of nuignesium sul- 
phate (whi(^h miglit more correctly be placed in the first group) 
all the substanccis \m\d are earths or carbohydrates which, as 
employcnl, an*, largc^ly colloid and possessed of a considerable 
capacity for hydration. As such they are therefore only materials 
which, when mixed wit h t he soap, increase i.he volume of what is 
sold t»o th('. publics as soap, "rhis does not mean, of course, that, 
under cert-ain circ.umst.aruiei^, the sandlike properties of some of 
these fillers may not be of service or actually necessary in various 
washing pr()(^ess(\s. • Since I.he washing propK^^rties of soaps are in 
large measure^, asso<iat.e(l with t.heir properties as hydrated col- 
loids and as siuii propcuiies are more or less common to all hy- 
drated colloids wh(^th(u* inorganic (hydrat.cHl clays) or organic 
(swolkm starcii grains), tins fact may, of course, also be empha- 
sized. But unk^ss t h(^ c.omposition and such merits or demerits 
of the material whicii is sold to the public as soap are clearly 
stated, the motiv(^s Ixdiind their use cannot be held to be higher 
than those always incident to mere substitution. 

With the market price of sugar what it is, the use of this 
material as a filku- cannot. Ix^ charged to any desire to increase 
yield while decreasing cost of production. The soaps may be 
'' loaded ” with the sugars (which carry with them not only high 
specific gravity l)ut also a certain amount of water), yet the 
real reason for their use seems now to be that they give increased 
transparency to the product. How the sugars accomplish this 
is not yc^t settled. The sugars do not at any concent.ration 
salt-out ” the soaps so that any combination of the sugar with 
the solvent (as so frequently discussed in the case of the Balt.s) 
must either be decidedly less or of a different type. The sugars 
clarify saap/water systems as do alcohols or aldehyds, which 
prompts us to the conclusion that they have an action like the 
last-named materials and so really owe their effects to the fur^ 
nishing of such a substitute solvent ” for the pure water mom 
commonly present in soap. 

In the substances of the first group, we deal throughout with 
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the production of systems similiir to ihoso prcndously discussed 
in the salting-out of soapsd The addition of sodium chlorid, 
sodium carbonate, sodium borate and sodium, silicaie represents 
nothing but a process in wliicli advantage is taken of the faet that all 
these materials become hydrated, and emulsified in the hydrated saap^ 
thus yielding a stiff er and larger amount of mixture than would the 
soap alone. In this fashion soaps (‘an Ik^ sold with a largcu’ abso- 
lute water content and still appear “ dry.” B(‘yond this, the 
merits or demerits of these fillers depcaid upoti their specific 
properties. Sodium chlorid is obviously (uitiniy worUih\ss,— 
it has no softening or other action upon wabu- and its pn^seuice 
interferes with the development of tlu'. washing (‘heeds of all soa])s. 
Sodium carbonate and sodium borates do aid in the^ firsl-nauKH! 
direction and any exems thus unus(‘d yie‘leis an ove‘ri)lus of alkali 
(after hydrolysis in water) which in its turn is posse‘ss(‘d of those 
advantages which any alkali may show in sp(‘(afi(‘, washing proc- 
esses. The same may be said of sodium sili(!at(‘ ((‘S|H*cially of ( he 
commercially employed ‘^water-glass”) which in addition to 
the properties already ment.ioru'.d yields (u)lloid silieaet a, end when 
diluted in the process of washiiig. The^ colloid silicic aeud has 
some of the properties which give^ to soap its(*lf its washing char- 
acteristics. From these aeivantage‘s must, howe‘ve*r, b<! sul)- 
tracted certain disadvantage's, as the‘ fixation of th(‘ silieuet aetiel 
upon the washcid materials and theur “ fedting,” th(‘ smarting of 
the skin if the soap is useal for toiled. purpe)se‘s, (‘te*. 

How sodium chlorid produea's the “ fill ” wheai addeai to any 
soap has alrciady be^en discusseal.^ How sodium carbonat e, 
sodium silicate, sodium borate and magnesium sulphates act in 
entirely analogous fashion is illustrated for two i)ure‘ soaps (sodium 
and potassium oleate) in Figs. 9() and 97 and Tabl(‘s LVII, LVIII, 
LIX, LX, LXI, LXII, LXIII and LXIV, which de‘tail the (‘xpeui- 
mental procedures followed. Th(‘, i)uri)os(‘ of th(‘, soaj> maker 
is to obtain, from such otherwise liepiid mixture's as are^ contained 
in the control txibes shown at the c^xt reane right, of all t heses seuie^s, 
the solid soaps found in tubes neairer t.he middlci of (‘aeth of t he 
series. The exact point at which such maximal stifTeming of t.he 
soaps is obtained varies, however, both with iha type; of soap 
initially employed (whether a sodium or a potassium soap, for 
example) and the nature of the salt used as “ fillc;r.” At. the; same 
1 See page-93. 2 See; page; 113. 
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molar concH'ntralion sodium carl)on[aic is least effective, sodium 
silicate takes a middles position and sodium borate is strongest. 
The photogra{)hs (and th(^ exi)erimental protocols) show how, as 
these difhuxmt. salt s aix^ us(mI, the gelation point is shifted further 
toward t.lu^ k^ft.. It. will he not(^d t.hat sodium borate at half the 
concentration of sodium silie.atc'. produces an equal degree of soap 
filling, and, also, that. th(^ sodium borate is as powerful in ultimate 
effects as doubk^ tlu^ (‘.oiHUMitration of magnesium sulphate.^ 
It is (pu^st ional>l(s of (course, whedher the addition of imignesium 
sulphatx^ to soai) has any justification whatsoever save that of 
giving load.” Mjigiu^sium sulphate adds nothing to water which 
irn])rov(^s its washing chara<d.(‘nsii(*s and, as the lowermost series 
of tulx^s in Figs. 9() and 97 show, it also partially decomposes 
the sodium or potassium soaf) into the poorer imignesiiim soap. 

It will b(^ obs(uv(^d in (comparing t\u\ two figures that there is 
a shifting of tiu^ gedation |)oint, toward tlu^ loft as a sodium soap 
takes t.h(^ pla(U‘. of an (uiually (xmcentratcul pot.assium soap. This 
is iigain id(mti(‘4il wit h t.h(‘ similar shift observed in all the “ salting- 
oui ” exp(^rim(mts pnwiously described. 

Ordinarily, in tiui manufaciturx^. of th(^ filkul soaps, the addition 
of water-glass, borax or ot.luu* matcuial is c-arried to the highest 
point j)OHsible short of the ^'cracking” or ‘‘liquefying” of the 
mixture, or the “ salt ing-out ” of the soap. This point is always, 
obviously, souk^^wIhux^ on this sid(^. of the optimum gelation point. 
When t.hrough car(‘l(‘-ss mixing or (‘rror in judgment the filling of 
a soap is carried Ix^.yond this (uitical point (r(i))resent(xl by tran- 
sition from th(^ syst.(‘.m salt-wat.(u-in-hydrated soap to that of 
hydrat,(xl-Hoap-in~salt-wat.(^r) what is to l)e done? What must 
be acamplisfud is the reversal m type of system through dilution of 
the salt and increase in the absolute amount of soap in the system, 
llxi projx^r n'.sult. is not obtainable, however, through mere 
addition of mon^ soap and water. One might think that it could 
Ix) obtained by lu^iting and vsubsequently cooling the mixture, but 
the soap in tlxwe mixtures is near the “ stringing ” point and 
therefore dangerous to heat; or the added compounds are of a 
type which will not stand boiling without suffering hydrolysis 
and permanent decomposition. The best way to proceed is to 

^ In such observations, obviously, lie interesting material facts covering 
the matter of the (luantity of ^‘hydration” suffered by different salts in 
solution. 
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dilute the spoiled mixture and let it stand ^ (thereby diluting the 
salt and allowing the soap to increase its hydration); more soap 
may then be added and more time given. This may by itself 
accomplish the desired end, but, if it does not, the whole batch 
should be mixed, with proper stirring and sufficient time, into 
the much smaller batch of. soap/water stock thought necessary 
for the production of the correct ultimate system. 


TABLE LVII 

Sodium Oleate — Sodium Carbonate 


Concentration of mixture. 


Remarks. 


(1) 5 cc. m sodium oleate +9 cc. H20-}-l cc. m/2 NaaCOa 

Mobile liquid 

(2) 5cc. “ 


“ +8cc. “ 

+2cc. “ 

Mobile liquid 

(3) 5cc. “ 


“ +7cc. “ 

+3cc. “ 

Mobile liquid 

(4) 5 cc. “ 


“ +6cc. “ 

+4cc. “ 

Viscid liquid 

(S) 5 cc. “ 


“ +5cc. “ 

+5cc. “ 

Viscid liquid 

(6) 5cc. “ 


■ “ +4cc. “ 

+6cc. ‘‘ 

Very viscid 

(7) 5 cc. “ 


“ -f-3cc. “ 

+ 7cc. “ 

Soiled gel 

(8) 5 cc. “ 


“ i-2oc. “ 

+8cc. “ 

Solid gel 

(9) 5 cc, ‘ ‘ 


“ +Icc. “ 

+9cc. “ 

Solid gel 

(10) 5 cc. “ 


“ +10 cc. m/2 NaaCOj 

Solid gel 

(11) 5 cc. “ 


“ +10 cc. HaO (control) 

Mobile liquid 


1 There is no element in technologic practice involving lyophilic colloids 
which is less considered and less properly eipployed than this of time. The 
chemist is so obsessed by the theories and so ruled by his experience with the 
dilute solutions that he believes that his colloid mixtures ought to act similarly. 
Whenever a lyophilic colloid is concerned it should be remembered that its 
solvation or its desolvation takes all the time which may be included in a proc- 
ess of diffusion, of solution and of chemical union — and these things are rarely 
instantaneous. Even when mixtures are correctly made from a quantitative 
standpoint, the result may be worthless if proper time is not given for the 
physico-chemical changes necessary to yield the proper ultimate system. 
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TABLE LVIII 


Sodium OLKATE—Sodium Silicate 


Concentration of mixture. 

Hemarks. 

(1) 5 cc. m sodium oleate -f 9 cc. HaO -f 1 ec. m/2 NaaSiOa 

Mobile liquid 

(2) 6 cc. “ 

“ “ +8cc. 

*• +2cc. “ 

Less mobile liquid 

(3) 5 cc. “ 

“ “ +7cc. 

“ +3cc. “ 

Viscid 

(4) 5 cc. ‘ ‘ 

'* “ +«cc. 

“ +4 cc. “ 

Very viscid 

(5) 5 cc. ' ‘ 

‘ “ H~ f) cc. 

“ +r>cc. “ 

Solid gel 

(6) 5 cc. “ 

“ “ +4 cc. 

“ +0ec. “ 

Solid gel 

(7) 5 cc. “ 

“ “ +3cc. 

“ +7cc. “ 

Beginning separation 

(8) 5 cc. ' • 

“ “ +2cc. 

“ +8 cc. “ 

Great dehydration and separa- 




tion 

(9) See. “ 

“ “ -f 1 cc. 

" +9 cc. “ “ 

Great dehydration and separa- 




tion 

(10) 5 cc. “ 

•' '* »fl0cc. 

m/2 NajiSiOa 

Great dehydration and separa- 




tion 

(11) 6 cc. “ 

“ “ +10 cc. HsO (control) 

Mobile liquid 



rAHLE LIX 



Sodium 

( )lkate — Sodium Borate 


C'oncentration of 

mixttire. 

Remarks. 

(1) 5 cc. m 

sodium oleate +9 cc. Iij() + 1 cc. m/4 Na2B407 

Mobile liquid 

(2) 5 cc. ' 

“ '* +8 CO, 

‘ ‘ +2 cc. “ “ 

White, milky, mobile liquid 

(3) 5cc. ‘ 

'* “ +7 cc. 

“ +3cc. “ 

While, milky, mobile liquid 

(4) 5 cc. ‘ 

" “ +0co. 

“ +4 cc. *' 

Milky soap on top, water on 



bottom 

(5) f)cc. ‘ 

“ “ +r> cc. 

“ +.*) cc. “ 

Milky soap on top, water on 



bottom 

(«) f> cc. ‘ 

“ “ +4 cc. 

“ +«cc. “ 

Milky soap on top, water on 



bottom 

(7) occ. ' 

“ “ +3 cc. 

“ +7 cc. “ “ 

Milky soap on top, water on 



bottom 

(8) 5cc. * 

“ “ +2 cc. 

“ +8 cc. “ “ 

Milky soap on top, water on 



bottom 

(9) 6 cc. ‘ 

*' “ +1 cc. 

“ +9 cc. “ “ 

Yell)w soap on top, much 



water on bottom 

(10) 6cc. ' 

“ “ +10 cc. m/4 NasB^O? 

Yellow soap on top, much 



water on bottom 

(11) 5cc. ‘ 

‘ ‘ JQ (30^ 

HaO (c.ontrol) 

Mobile liquid 
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TAHI-K I.X 

Sodium Olkatk — Magniviiim l^idphatp 


Concentration of mixttire. 


HfiasirkK 


(1) 

5cc. m sodium oIeate+ 9.6 cc. HaO 4 0 »»» 2 

F»irly nulky 

(2) 

6 cc, “ * 

*' 4*9. Occ. 

4-l ,0cr. " 

Hc»lid white gel rnistturc 

(3) 

5cc. “ 

“ 4-8. 6 cc. 

' ’ 1 . 6 cc. ' ' 

HtdicI whhi* grtmuliif k».| 

(4) 

6 cc. “ “ 

“ 4-8. Occ. 

“ 42 Occ. ’• 

Holid whttc j^nuHiltu ucl 

(6) 

6 cc. “ “ 

“ 4-7, 5cc, 

“ 4*2. 5cc. “ 

(Iranulnr w lute ?»« imp, hc^iiming 
iwimration 

(6) 

5 cc. “ “ 

“ 4-7. Occ. 

“ fli.Occ. “ “ 

(Irantilar wlnfcw»M|i, more 
aration 

(7) 

5 cc. “ “ 

“ 4-0. 6cc. 

“ fri.fK'c. *' ” 

(Jmmitar white wmp, mnrciic{>- 
ar lit ion 

(8) 

5 cc. “ “ 

** 4"0.0cc, 

“ 4* 4. Occ. " ** 

(trsinuhir whit#* itoap, morcit#‘j>« 
»r Ht ion 

(9) 

5cc. “ “ 

“ 4-6. 6 cc. 

“ 4*4.6cc. '* ** 

(Jranuhir w hite jiof»i», more }«ci>- 
ar Htton 

(10) 

See." “ 

“ 4’6.0cc. 

“ +6 Occ, •• 

tSranular white wmii, morencji- 
anition 

(11) 

5 cc, “ “ 

“ 4'lO.Occ, 

HaO (control) 

Mobile liiiuid 


TAHLH I, XI 

P 0 TA 8 BIUM OhKATK Smliurn (Uirlnmtiir 


Concentration of mixture. 

Heiimrk» 

(1) 6 CO. m potassium olaate 4-9 cc. 

Ha( > f 1 cc. m/ 2 N a»( *( h 

Molnle hipml 

(2) 6cc. “ 

“ 4-8 cc. 

“ 4“2cc. *• 

Mobile Inptifi 

(3) 5cc. '• 

*' 4-7 cc. 

“ 4-3 cc. ** 

Mobile Initml 

(4) 6co. “ 

“ -fOcc. 

“ 4-4 cc. ** 

Mobile b<iuid 

(5) 5oc. 

“ 4-6 cc. 

“ +6cc. “ 

Mobile lniuid 

(6)5cc. “ 

“ 4-4 cc. 

“ 4-6 cc. “ 

rnolule b#|ui(i 

(7) 5cc. “ 

** "FO cc. 

*• 4*7 cc. “ 

Vi»rid Ijqtiifl 

(8) See. “ 

“ 4-2 cc. 

*' fHcc. “ 

Very vmenl liriwid 

(9) 6cc. “ 

“ 4-1 cc. 

“ 4-9 cc. “ 

Alinont stiff 

(10) See. “ 

“ 4-10 cc. m/2 NaaCOa 

Abnost «filT 

(IDScc. “ 

4-10 cc. HaO (control) 

Mobile bciuifi 
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TABMC BXII 

I’OTAHHIUM Olkatk— ,S’ orfi?iTO RiUcole 


(1) n <•<•. 

(2) r» uu. 

(3) fx'c. 

(4) f» Of. 

(5) r» Of. 

((}) f» Of. 

(7) r» Of. 

(8) r> «*o. 
(0) f»oo. 

(10) Off. 

(11) f*00. 


C'olioontni) ion of iiaxturo. 


Remarka. 


lu aloiito 


f a Of. HaO f 1 Of. m''2 NasHiOs 
I 8 Of. •• I 2 Of. 
f 7 Of. •* f a Of, •• 
fOoo. *• f 4 Of. “ 

f r> Of. •• 15 Of. “ 

f 4 Of. *• f 0 Of. “ 
f a Of. •* f 7oo. “ 
f2oo. •• f«oo. *• 
f 1 Of. •* flfoo. “ 
f 10 Of, in/2 NaaHiOi 
f 10 Of. ’HaO (oontn»l) 


Mobile liquid 
Mobile liquid 
Mobile liquid 
Mobile liquid 
Viscid liquid 
Viscid liquid 
Viscid liquid 
Solid gel 
Solid gel 
Viscid liquid 
Mobile liquid 


TAIlbK LXin 

I h )TAKHi 1 1 M ( )i.K ATK— AWtww Borate 


( '(iDoftitmtion (»f luixturo. 

Remarks. 

(1) 

5 00. 

m iMitaiisium olonto 

10 00. HaO 

( 1 00 . m/4 NaalLO? 

Clear mobile liquid 

(2) 

5 Of, 



fhoo. '* 

f 2 00. ‘ ’ 


Cloudy mobile liquid 

(3) 

5 Of. 



f7oo. ” 

fa 00. ” 


Milky mobile liquid 

(4) 

f» 00. 



fdoo. •* 

f4oo. “ 


Milky mobile liquid 

(5) 

5 Of. 



+ 5 00. “ 

fr»oo. 


Milky mobile liquid 

«l) 

5 00. 



f4oo. •• 

fOoc. “ 


Milky, less mobile liquid 

(7) 

5 Of. 



fa Of. ** 

f7oo. “ 

• 4 

Milky viscid liquid 

(8) 

5 00, 



f2oo. ** 

4-8 00. “ 

4 < 

Milky, almost stiff 

(9) 

5 00, 



f I 00. ‘ * 

fOoc. “ 

4 4 

Milky, almost stiff 

(10) 

5 00, 



f 10 oo. rri/4 NatB4(>7 


Milky, almost stiff 

(U) 

f> 00. 



fit) 00 . HaO (control) 


Mobile liquid 


TABLE LXrV 

PcrrAHHUTM OhF,XTK-~-M dgnenium Sulphate 


(’onooiitration of mixture. 

Remarks. 

(1) 5 00. m 

potMsium oloatf ft). 5 oo. 

HaO +0.5 00 . m/2 Mg 804 

Fairly mobile milky liquid 

(2) 5 00.” 

” f 9.0 00 . 

*• +I.O 0 C. '• 

Viscid milky liquid 

(3) 5 00. ' • 

” f 8 ,f>oc. 

” +1.5CC. 

Solid milky gel 

(4) 5oo. ” 

•• *• + 8.0 00 . 

” +2.0CC. ” 

Solid milky gel 

(5) 5oc. ” 

” +7.5 oc. 

” + 2 . See. ” 

Solid white soap at top 

(6) 5eo. ” 

” *' +7.0 00 . 

** +3.0CC. ” 

Solid white soap at top 

(7) 5oo. ” 

*• ” +6.5 cc. 

” +3. 60 c. “ 

Solid white soap at top 

( 8 ) 5 00 . ” 

*• ” +6.00C. 

” +4.0CC. ” 

Solid white soap at top 

(9) 5 00 . • ‘ 

” ” +6.6 ec. 

” +4.6CC. ” 

Solid white soap at top 

(10) 5 00 . ” 

” ” + 6.0 00 . 

•• +5.0CC. “ 

Solid white soap at top 

(11) 5cc. ” 

” *' +10.0 00 . HaO (control) 

1 

Mobile liquid 
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PAiri^ I^HREE 


THE ANALOaiEE IN THE (DLLOIIMUIEMISTRY OF 
SOAPS, PROTEIN DERIVATIVES AND TISSUES 


I 

THE CHEMICAL AND COLLOID-CHEMICAL BEHAVIOR OF 
FATTY ACIDS AND THEIR DERIVATIVES AND THE 
ANALOGOUS BEHAVIOR OF « NEUTRAL PROTEINS 
AND THEIR DERIVATIVES 

1. Introduction 

Tuk oil tlio (tolloid-idieiniHiiy of the various pure 

soaps (l(*tail(‘(i in th(*. pr<‘c(‘(lin|i: pag(‘H w(U’(‘. undertaken originally 
in ordc^r to obtain a <’l(^ann* e<mc(*p(ion of the nature of water 
absorption by protri'ins wh(‘n various alkalies, acids or salts, alone 
or in combination, an* added to them; this conception being 
wantcHl, in its turn, in ord(‘r to understand the laws of water 
absorption as obwu-viul in living matter. It will be the purpose 
of the n(*xt paragraphs to show t hat, the Uiwfi emphasized as gover7i- 
in{f the ** solution and “ hydralion ” oj soaps are identical with 
those which govern the “ solution ” and “ hydration ” of various 
protein derivatives and that these, in turn, are the analogs of the laws 
which govern the almrrption of water by adls, tissues and the whole 
livi.ng organism utukr physiological and pathological circumstances. 

2. The Chemical Behavior of the Fatty Acids and the Analogous 
Behavior of the Amino-Acids (Neutral Proteins) 

It is well t o emphasixe, first, some ol)vious chemical analogies 
existent Ind ween t lie fatty acids and the materials which may be 
derived from them (the soaps) and the so-called neutral 

m 
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proteins and the materials which may be produced from them. 
It is of interest to bear in mind that the proteins are not only 
polymerized amino-acids, but that frequently their constituent 
amino-acids are amino-fatty-acids, as witness, amino-acetic, 
amino-valeric, amino-caproic and amino-succinic acids. The 
alleged neutral” “ native ” or genuine ” proteins are no more 
neutral than are any of the higher fatty adds. As the fatty adds may 
combine with base to form “ soaps” even so may the polymerized 
amino-fatty-adds combine with base U) form analogous '' soap- 
like ” compounds. It is important for our future discussion that 
this comparison of the nevdral proteins with the free fatty acids 
be clearly kept in rnind.^ 

What, now, are the solubility characd-c^rist ics of the pure fatty 
acids and the pure neutral proteins in wnier and for water? 
Just as certain fatty acids (like tlui lowenxiost nu^mhers of the 
acetic series) are readily solul)le in water, so also do ccirtain native 
proteins prove soluble ” in water (as witness the various salt-, 
acid- and alkali-free, “ pure ” albumins). On the otluT hand, 
as other fatty acids (like the higher members of the actdic m^ries) 
prove insoluble in water, so also do various native^ ixroteins (as 
witness casein, fibrin, alkali-, acid- and salt-free globulins, et(\). 

The solubility of water in the fatty acids or in the pure pro- 
teins is hardly to be found discussed as such. The simpler fatty 
acids “ dissolve ” so readily in water and are so universally 
thought of as aqueous solutions ” that the mere raising of the 
obverse question in their case will s(3em, to many, absurd. Water 
is, however, sufficiently souble in the higher fatty acids to make 
necessary its consideration, when, commercially, a given weight 
or volume of material is to be bought and paid for as fatty acid. 
In the case of the pure proteins these things are variable. In 
those commonly designated as insoluble (casein, for example) 
the solubility for water is so low as to be generally neglected. 

^ Of great interest in connection with this similarity between the colloid- 
chemistry of the fatty acids and that of the amino-fatty-acids (the proteins) 
are some observations of Krafft and Wkjlow [quoted by Lewkowitsch: 
Oils, Fats and Waxes, 1, 133 (1913)] whose work unfortunately we have not 
been able to find in the original. I'hese authors note that the arnim of the 
fatty adds behave like the corresponding fatty adds. While the alkali salts of 
the lower amino-fatty-acids on solution in water behave like crystalloids, 
those of the higher amino-fatty-acids fail to raise the boiling point of water 
the calculated amount and in other physico-chemical respects betray them- 
selves as colloids. 


Final concentratioa of the alkali in the 
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From this it may rise to ^reat valiuss, as witness th(‘ amount, 
of fluid '' absorbed '' by nout-ral gelatin, by diy s(‘.rum-all)umin. 
etc., when these are thrown into wat.(u\ 

These characteristics of solubility in water and for water of the 
different fatty acids and the different pure^ neutral ” proteins 
must be kept in mind if their colloid-rheniistry or that of their deriva- 
tives is to he properly understood. 

If we now write the formula, of any fatly a<*i<i as: 

.r (H)()II 

then that of any amino-fat t.y-a(a‘d (or its polynnu-, i)rot(*in) may 
be written: 

x-V\ )()fl 

I 

Nn,> 

To produce a “soap,” sonu' bas(‘ is subs! itutcal for tlu^ H in 1h(‘ 
first formula written above'; to prodma' t he' analogous “ soap- 
like ” compound from th(^ latt(*r, th(‘ same' base' is substLluteel for 
the similarly placed H of tlu^ sea'ond formula. As W(‘ produce 
potassium, sodium, calcium and iroii soaps w(‘ can also produce 
potassium, sodium, calcium and iron ])rot(‘inat(‘S. 

Every 'new soap and every new soapdike compound thus pro- 
duced has soluhility characteristics in water and for water diffmmi 
from those of the original fatly arid or the orhjinal amino-fatty-aeid 
(protem) from which it was produced. 

The amino-acids have, how('V(‘r, wideu* possibilitie's for c'asy 
union with other materials than have' tht^ fatly a(‘i(ls. Whil(^ 
the latter, for exampk',, do not. unite rt'adily with aeids, the* former, 
through their Nr {2 groups, do. In this way tlu'H' tnay tla'refore 
be produced a second s(u*i(‘s of (l(‘rivat.iv(‘s whicdi may Ih' <i('sig- 
nated as the chlorids, bromids, ac(da,t(‘s, sulpliaU's, phosphate's, 
etc., of the proteins, eaedi (igain possessc'd of its own soluhility 
in water and solvent power for water. 

We are now in a position to (consider tlu' colloid-cla'mistry 
of the pure proteins and that of tlunr basic: and aeidic* dc'rivativc's, 
not only to see how theses mimic t.he eolloid-cluanical iH'havior 
of the pure fatty acids and their basic derivative's (the soaps) 
but in order to obtain what seems to us a simph'r gc'ueral con- 
ception of what happens when protein/water mixture's show the 
evidences, under different circumstances, of sw('lling, gelation, 


SOAPS, inurvKiN derivatives and tissues 


209 


prceipitaiioii, irrc^vta-sibk^ (^ojigulation/' etc. A detailed con- 
sideration of many i)rot(‘ins is ini{>ossil)le witliin the p^iges of this 
volume, l>iit tlu^. (.wo to 1 m‘ dis{‘uss(‘d may H<uwe to illustrate the 
main iyimn. For purpow^s of illustration w(‘, shall take up, in 
analopy to th(^ similar typers of pun^ fatty aci<ls, (a) a protein 
which is insoluhk^ in water, nanudy, (^^g-glohulin and (b) 
another whi(^Ii is soluhl(‘,'' namtdy, gelatin. What is said of 
egg*-glol>ulin may lx* tak<m to apply to all the globulins, casein, 
myosin and miek'ie acid. What is said of gelatin may be applied 
to the various albumins.^ 

3. The System Egg-Globulin/ Water 

The “ neutral glob\din us(‘d in the exp(u*iment.s about to 
he (l(‘scrilHMl was obtained by <liluting strongly with distilled watcu- 
(8 voIum(‘H) th(^ whiU*s (»f absolutx^ly fn^sh eggs. The globulin 
which fell out at. tin* emd of tw(‘nty-four hours in an ice box was 
simply filt(u*(‘d ofT, wasluHl s(‘V(‘ral t inu^s with distilled water and 
used at once^ in its moist (amdition, Wliile by morx^ elaborates 
metliods a cluanically ’’ puna* product might have Ixsen ofdained, 
we feared the (sonsexpuaux's of tins mons drastic; chemical mesthods 
necusssaiy to produce* su{*h upon the; colloid propcaiies of the 
final product, d'lu; globulin (*mpIoy(*d in the following exi)eri- 
ments was all from t.hc^ same lot, contained 92 percent water 
as uh(h 1 and O.O-lf) pxa-cent ash calculatxal upon the wet weight 
of the globulin. 

Moist globulin (in analogy to tlie higher fatty acids) is obvi- 
ously insoluble in watx*r ami as companul wit h gelatin, albumin, 
etc., a n^lativ(*ly pcK>r solvcait for watxT (92 percent). We wished, 
first, to show that, a soap-!ik(; (;ompound (a basic glohulinate) 
could b<; obtaimal from su(;h globulin through treatment, with 
a proixT alkali, whi(;h, in t he pmsemee of t he right, amount of water 
would (like; the; corn’sponding soap) yiedd a solid jelly, in other 

* The pun;Ht iim on whicli the ordinary colloid-chemical studies have 
been made*, to which we refer here and upon which some succeeding experi- 
mente are laised (see page 218) still contain tauxss of salts. Wolfgang 
Obtwalu has dire(‘t t*d my atttmtion U) the fact that when such gelatins are 
subjected U) <liaIyHis while an tdectric current is passed through them a gelatin 
free from all l>aHe and acid nniy he obtained. Such gelatin is, however, as 
^dnsoluble’" in water and lis little hydratable m the ordinary globulins. 
Obviously, under such circumstances, the behavior of all the proteins (includ- 
ing in other words gelatin and the ‘‘albumins’’) becx>me8 that of the tyi>e 
described under the globulms. 
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words, a system representing a solution " of miivr in the basic 
globulinate. For this purpose', 2 grams of the' moist, globulin 
were carefully weighed into each of a number of t4'.st tube's and to 
each was then added 0.5 cc. of an alkali of |)n)|K'r strength to 
yield the final concentration in the whole', of each of the', systems 
indicated in Table LXV. The ele',Hcriptie>nH n^fer to tla^ appemr- 
ances of the mixtures at the end of twenty-femr hours, twenty 
of which were spent in an ice box anel four at rexim temjK^rature. 
The photographic appearance of the thme sets of tul>eB (all 
made at the same time, frenn the same gle)bulin and xinder iden- 
tical circumstances) is shown in the Figs. 98, 99 and 1(K). It is 
apparent that these potassium, sodium and barium globulinates 
(like the corresponding soaps) have greatc'r solverd, powc^rs for 
water (and hence gel in the preseiuic of a larger vohmu^ of th(^ same) 
than has the original neut-ral ” globulin (or th(^ original fatty 
acid). But of the three Hoap-lik(i compounds th<^ potassium 
globulinate is most soluble iii water, wh(U‘(^foit‘. it is the first to 
go through a jellying stage into solution/' Hoditnn globulin- 
ate occupies a middle position in this ngard. Ihirium globulinate, 
while possessed of relatively low powcux of hydration is so insolu- 
ble in water that it maintains its gel stakJ throughout th(' m^ries 
of experiments. 

Having seen that with progressive additions of alkali, neutral 
globulin in the presence of a fixcul volume of water pass's suc- 
cessively from (1) a (relatively) non-hydratcsl mati'rial through 
(2) a state in which water is dissolved in it, into (3) a state in 
which it is dissolved in the water, we wished to sch^ what were the 
effects of mere dilution upon the final systcun and if the basic 
globulinate thus formed could be pmcit>itated a m^c'ond time 
(salted-out) by further addition of the alkali (as can a soap). Fig. 
101 and Table LXVI answer these questions. TIh' first fiv('. tubes 
merely show again how with progn^ssive inm^asc^ in amount of 
alkali (sodium hydroxid), “ solution of a globulin '' (really 
solution of sodium globulinate) may be obtained. To such a tube 
as 4 much water ^ may now be added without change, as evidenced 

^ Not, however, an unlimited amount, for in too much water hydrolysis 
of the sodium globidinate takes place and the free acid (globulin) agiiin begins 
to fall out. This constitutes the principle upon which ** globulins'' are 
obtained through dilution with much water. It is not the nwlium ghhulinnte 
which falls out, or, in the terms of soap chemistry, it is not ^Hhe soap” which 
is '^insoluble'’ in water but the 'Tatty acid'' resulting from hydrolysis. 
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TABLK LX VI 

EGd-OLOBULUV AND SoDIMM HVDUOXID 


Tube 

number. 


(^nieentnitiou of mixture. 

IL'inurkM. 

Control 

2 Klim. 

rnomt globulin f 0,5 ce, IIsO 

While lloeeuhml l»n*en»itate 

1 

2 gum. 


“ 1*0.5 ee. 1. 10 n NaOH 

Soliii gel 

2 

2 glim. 


“ fO.oee. 2 10 n 

( 'Irar vi.seiil lj{|ui<l 

3 

2 gum. 


“ 1 0.5 <-e. .’{ 10 ii 

< 'leaf vineiO liijuiil 

4 

2 gniH. 


“ 10.5 ee. 12 n 

Clear 

5 

2 gnm. 


“ 1 5 0 <-e. Sn 

( 'lear Injual 

C 

2 gnm. 


“ lo.Oee, On 

( Meat litiuiti 

7 

2 gnm. 

“ 

“ } 5 0 ee. 10 n 

Clitudv iti|ui(l 

8 

2 gnm. 


“ 1-5.0 ee, 111! 

Piirf ini nulling tntl 

9 

2 gniH. 


“ -1-5.0 ee. 12 n 

( ’oniplett* wtlling-out 


TABLK I.XVU 

K(J(5-( iLOnULIN AND A(’IDH 




1 

I I'MnnI eoneenlration of the ueui tn the avuiem 

CMnitrol (IlaO). 

Aeid. 

I ■ 5(M) 11 

2. KK) n 

.'i KKI 11 

i 10 100 n 

15 BK)ii 

White floeeulent pre- 
cipitate 

Hytlro- 

elilorie 

White 

floeeulent 

preeipi- 

tiUe 

■ 



W hite 
floeeulent 

precipi- 

tate 

White flocoulent iire-j 
cipitato 

Luetic 

White 
floeeulent 
jireei pi- 
ttite 

White 

floeeident 

preeipi- 

tnte 

White 

floeeulent 

precipi- 

tate 

Nlightly 

hydrated 

preeipi 

fate 

.Slightly 

hydraiinl. 

preripi- 

fate 



Final eonetuitnit ion (d the nenl in the HVatem. 

Control (II 2 O). 

Aeitl, 








2(L 1(K) n 

40/ BH) n 

00 lot) n 

HO DMt n 

HM> HM)n 

White floeeulent pri'- 
cipitate 

Hydro- 

ehlorie 

Ilyilrated 
preei pi- 
fate 

Ilyilrateil 

preeipi" 

tate 

Hytlruted 

pri*eipi“ 

late 

Hydratinl 

precipi- 

tate 

Hydrated 

precipi- 

tate 

White floeeulent pre- 
cipitate 

Inictie 

Hydrated 

jireciiM- 

tatft 

Hydrated 

precipi- 

tate 

Cel 

C fcl 

Cel 
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in tube 5 of Fig. 101. But if in such a volume of water the con- 
centration of alkali is progr«w.sively incroastid the sodium globu- 
linate (commonly and wrongly designated “ globulin ”) begins to 



Pjourb 101. 


fall out until comidete w^pamtion from the dispersion medium is 
obtained (wk* th(( tuls^s 7, 8 and 9)- 

Figs. 102 a!ui 103. with 'I'able LXVII, show that when the 
“ neutral ” globulin is convi-rted into a chlorid or lactate (for 
which chemical change thert^ is no analog in the case of the pure 



PiatmB 102. 



PiauRB 103. 


fatty acids) these compounds are again better solvents for water 
than the original glol)ulin, in consequence of which the tube con- 
tents again gel. The succtissive acid tubes of Figs. 102 and 103 
may lx* compared with the alkali tubes of the same concentrations 
of Figs. 98, 99 and 100. Experimental procedure was the same in 
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both. It should only be notod that. th(‘ <‘oneont rat ions marked 
on the labels of Figs. 102 and 103 are thos(‘ of tlu‘ a(*i(i as added. 
The final concentrations are given in Tal)l(‘ LX VI I. 

Such experimental findings as have just. Ikmui d(^a(irihed are 
more commonly listed, as by the physiologic^al elH^inists, as (‘xperi- 
ments on the '^solubility” of protenns; or by physi(!al and 
colloid-chemists as studies on the (^ffc^t^ts of alkalit^s and uvuIh u|X)n 
such " solubility ” or some ot lau* of t lu^ geauu’al (*h(‘ini(*al or colloid- 
chemical properties of th(^ syst.cans as a vvhoh^ (as tludr viscosity, 
their electrical conductivity, tlH‘ir c‘ontcait of hydrogcai and 
hydroxyl " ions,” etc.). To tind(a>?tand thes(‘ syst-c^ms pn)perly 
it is obviously necessaiy to re(!ogniz(‘ and (’arry in mind tlu‘ (‘fleets 
of (a) the quantitativ(‘. ndationships of th(‘ wat(‘r eontcad of the 
systems to the rcanaining mat(‘rial in th(‘m, ib) tlH‘ (‘h(‘init‘al (‘on- 
versions of " neutral ” compounds into basic or a(‘idi(‘ (ha'ivatives, 
(c) the alterations in solubility and hydration <‘apa(’ity atJcouipany- 
ing such conversion, (d) the typess of syst(‘ms produccnl (whcdh(‘r 
all hydrated colloid, all solution in water or subdivisions of the 
one in the other) and finally (c) th(‘ (‘hang<‘H in visc'osity incident 
to " emulsification ” or " susp(*nHion '' of any of thc^ original 
unchanged "globulin” in such hydrat^al d(‘rivntiv(‘H as may be^ 
produced. How inadequate, for th(^ und(‘mtanding of th(‘ (colloid- 
chemical behavior of such systems aie th(^ ov{‘rplayc‘d " stoichio- 
metrical,” " chciinical,” " ehcctrical,” " hydrogem and hydroxyl 
ion ” notions, usually calked upon to (explain in sonne (‘xchisive 
fashion all the chang(‘s obB(crv(^d, must, Ik‘ s(‘lf-(‘vid(‘nt. 

Stoichiometrical views earner only thoscc parts of the* whole 
problem which have to do with thec (juantiti(‘H prcHluctul of dif- 
ferently hydratable or soluble (aanpomuls; " chcaniccal ” notions 
are no more adequate for the explanation of the |)rol)k‘m than 
they are, at present, for the understanding of tluc wliok* problem 
of solution; electrical and ionic notions am liardly of s(*rvi(;e when 
it is remembered that the most stabile of th(‘HC! hydrated colloid 
systems are such as are compos(ul of chmme(dly prmiuced^ really 
neutral compounds of protein miih base or acUf providcMl only that 
not more water is present in the system than can absorbed by 
the hydration capacities of the protein dc^rivatives. Yet tliese 
colloid systems contain no quantities of eitlmr hydrogem or hydroxyl 
ions measurable by ordinary laboratory miains. The meamrable 
hydrogen and hydroxyl ion contents of different pToiein/ water s^pterns 
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upon which mich emphasis has been laid for the explanation of their 
stability are only obsermhle in relatively dilute systems; the ion 
contents are not inhere/d to, or necessanj for, the stabilization; they 
are accidental accompanmients incident to the solution of scmie of the 
basic and acidic proteins in the excess of water and their hydrolysis 
with the production secondarily of an overplus of hydrogen or hydroxyl 
ions, 

Evi(len(‘,o for the. gc^tH^ral truth of Uicko (sontentions may bo 
found in the following <*xp(Tiinen<H in which neutral ” globulin 
in the proBcnciC', of a couHtant volume of water in exponed to the 
action of variouH rumtral HiiltH. Ah ordinarily put, such neu- 
tral globuliiiH am naid to 1)0 Holuble ” in dilute Halt Holutions. 
To our mindn, tliin in not true. The saltH again react with the 
neutral globulin to yi(dd globulin derivativoB of tlie general 
formula hnse-prokdnHicid whieli, like the pnwiouHly deHcribed 
base-prot(un and protein-a(dd (joiriimundH, alno have a higher 
hydration capacity and a gmater 8olul>ility in water than the 
original globulin. 

FigH. 104, 105, 100, 107 and 108 rt^pmdiK^e photographically the 
findingB doHcribed in Table LXVHL Obviounly a hydration of 
“neutrar^ globulin may be indu<H*d through tlui pnmcuua^ of various 
neut ral sidts aH rc^adily as t hrough the pmsence^, of alkalies or a(;idH, 
in other words, in the al)S(‘nce of any svudi hydroxyl or hydrogen 
ion concentrations its aro eommonly alleged to he nisponsible for 
such a rcsult. It. is not the neutral glol)ulin which is hydrated, 
but its salts. In the* ctxfK^riments just descjrilxul, these are pro- 
duced l>eeaum5 globulin (like the lower fatty acids of the acetic 
series) has sufficient chemical reactivity to unite wit.h the products 
of the hydrolysis of any neutral salt (acid and alkali). 

Table LXVIII and the figures again show (in analogy to the 
similar soaps) that the potassium and sodium (k^ivatives of glob- 
ulin are sooner and more highly hydrated than t lu^ corresiK)nding 
magnesium and calcium derivat-ives (the contemts of the tubes 
holding the latt(*r lH)ing not only less swollen but whiter). The 
mercury derivative is so little hydrated that it remains a prac- 
tically anhydrous, leather-like mass in all the tubes. 

In order not to lengtlien the^ pages unduly with protocols, it 
may suffice merely to state that findings entirely similar to those 
just described aro obtainable with the neutral salts of the soluble 
sulphates. 
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FiGtmK 104. 


PiGtrB® 106 . 



FiGimB 107. 
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TAItl.i; I.XVIII 

Kcitl-( ItAllH I.IN ASH CltUlUUtH 




of I hr »!l 

tit thr syatriii 








fli«» 


I i >’• tii 

1 $11 lii 

1 ;j:« i<4 

1 :«» itt i 

i 

1 2ft 111 

tniftiy 

hi 1 

lair 1 ttr«l V , 

W'hilr Whilr rtirtiy Whllr rur«ly 

Whitr rtifdy 



|*rrri|»|t*klr j 

p}rripil$»tr 
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VVhitr rut.iyj 
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Utrt'ipitutr 
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prrripilwtr 
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Whilr riiftiy’ 

W hilt* ru»«lv 

W'hllr ryniy 

Wliitfi rwnly 

W’hilr runly 




prmpiiMtr 


pl-rripitutr 
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Whif*' rit«t*ly 
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W hifr 

W'hilr rniily 
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Vt»'hilr rtinly 

W'hitr runly 
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|»frrnyl»lr ; 
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prrriptlfttrt 
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:i 

< 

ft 



r«yi» ritir atittl* ihr ttitll 

♦ fi fhr aV»lrm 

C’tinl»«4 
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t '/y i«» 
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1 Itt fa 

t itt 

1 1 m 

Wliiir mii'tly 
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hy«l?ai»wl 

hy*lfiilr*i 

PftfitnUy 

‘If ttiu«j»afrftS j‘rrftlw|iiifriit 
«rl grl 

Whitt* ritr«H' 

Smt 1 

Whilr r*|»*IV|l*»rli»lly 

11*^1411111’ 


*rri,i»»i**rp}tl 

pfwiiislist# 


|»frripil»lr 

hytlrufwil 

hytinklwl 

hytlrittr*! 
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Wliiii* riiftly 

Whili* inirtiy 

M«rH 

c'iin, 

W'hilr *nif*lv 

W hilf» inirtly 

rimiy'; W’hil# runty 
pfrriirttttt# 1 prwipilatP 
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4. The System Gelatin Water 

Wo shall now (*onsi<l<‘r a ** iH*ul.ral proloin whirh, when v 
pared with tho fatty acids, is no! “ insolulih^ in water fjis g 
ulin) bnt “ soluWo/^ iianu^ly K<‘hilin. 77ir tmiimmi ttllrgrtl r. 
and hase-free gvlaiin ^ will, htj itHvlf, with wairr, Nfmp all the . 
types of hydrophiiie colloid mjHieins dtmrilwd for the mmimr 

Diy gelatin al>sorbs waten* (t<» yield I lie system waters I iRHCjh 
iu'-golatin) and hasalimitc'd soluhilily in wattM' lloyield llieKyi^ 
golatin-diasolv(‘(l-in-wn<<‘r). Betwt^ett these* extnani^s and di*|x 
ing nior(‘.ly upon th<^. ndutive* amounts t»f g«*la!in ami wider |ue 
there lie the systtans gelatin-solutitai dis}M*rst*d in hy<lriiled-ge! 
(gel) or, with mon^ water, hydnilcii-gelntin dis|M*mal in geln 
solution (sol). 

What is the action of alkaUcH for ncidsi U|Km sysleiiis 

Und(‘r variously wonled headings tliis pr«»hlem has reeir 
much study. Tlu* (‘fhads of alkali(*s fund acids) ii|Hin the hr 
most of the four sysUmm may In* found descrilsHf under the i 
lion ^^swc^lling of g<»latin in the presein’e c»f arhls ami alkal 
their effects upon the systcan gelatin“S(^Iu(i<m»indiy<lrided-geI 
under the heading li(iuefaetion and solution of g<*!atiii;^ t 
effects upon the sysltan hy<irattMDg(*lHtin-in-gelatin-«ihi!ioii ui 
studies in viscosity tlaar idTects upon the system true sohi 
of g(‘latin-*in-wat(‘r as studif^s on the ** sidiilality of gehti 
What is the relationship Indwasm all them*? 

It is well to Ix^gin hy impiiring into the relidi«mship ImUv 
the swelling of a '' soluhh* ’’ ** neutral ** protiaii and its milutii 

^ Bee tho footnote on |>ago 209, 

2 Bee page 09. 

* See for example K. Hrmo: Hohnoister's Ikatrllge, S, 270 {1904); W 
GANG Obtwau): PfltigerV Arch., lOS, fiik'l I190f»|; MAitTJM H, 
(Edema and N(a>hritiH, linl hkl, 7f», New York iPt'JI) wlicrt* refcnaio 
the earlier studioH may bo found. 

'‘Martin H. Fihcheh: H<‘ionco, 42, 222 Cllliril; Koll«»iti-7#tnl«dir.. : 

( 1915 ). 

“Bee for example tho work tjf IhurMKiHTKK, PAt:i4, llAKiit, 
Bchrokder, Handovsky, Hc.'iiciitii, etc., tlm vwnmity of liiiuitl pro 

“ Martin H. IdwaiER: CF^dema and Nephritis, 3rd F#«i,, 513, New ’ 
(1920). As of similar imiKirt. but uiwjn iither pmieitis may Im citial i 
studies on wheat gluten. T. B. Wmm and W. li IIariw CPrcM*. Hoy. ^ 
I^ndon, Series /i, 81, 38 (1908)) studied tin* *‘fliiiintf»gndtoid^ and 
tion’' of gluten under the influence of acids while F W. IfrwiH iiiwl J 
Calvin (Jour. Am. (jhom. Hoc., S7, Pi95 (1915)) itudied its ftwellkig u 
similar circumstan(^es. 
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The notion that solution is but a contin- 
uation of swelling persists to this day.^ 
Investigation ^ of the problem, however, 
has shown that this is not the case. The 
matter is easily proved by working with 
gelatin at concentrations and tempera- 
tures near its gelation or melting point. 
Since alkalies and acids increase hydra- 
tion (increase swelling) the addition of 
these substances to a barely liquid 
gelatin-water mixture ought to stiffen it. 
As a matter of fact just the reverse occurs. 
By working with a stiff gelatin, a pre- 
viously solid mixture is made to liquefy 
upon the addition of these substances. 

The 'phenomena of s'welling (Jvydration) 
and of “ solution ^ in such soluble protein 
gels as gelatin^ while frequently associated, 
are therefore essentially different Swelling 
is best understood as a change whereby the 
protein enters into physico^-chemical com- 
bination with more of the solvent {water), as 
a change in the direction of greater solubility 
of the solvent in the protein; solution ’’ 
is best conceived of as a change in the direc- 
tion of greater solubility {an increased degree 
of dispersion) of the colloid in the solvent. 
If reference is made to Figs. 48 and 49 
(page 70) it will be noted that changes 
involving swelling occur in the region 
below the level marked V; changes in 
the direction of liquefaction or solu- 
tion above the level marked F. A 



^See for example Wolfgang Pauli: KoUoidchemie der Eiweisskorper, 
63, Dresden (1920). 

2 Martin H. Fischer: Science, 42, 223 (1915); KoUoid-Zeitschr,, 17, 1 
(1915). 

3 Since there are many opinions regarding the nature of ^'solution,” accu- 
rate definition of the term is not easy. We are here using the term in its 
broadest sense as covering everything, in the case of the colloids, from their 
liquefaction point upwards to the accepted “true” solution of the physical 
chemists. 


220 


SOAPS AND PROTEINS 


single experiment, chosen from many, may serve to illustrate 
the point. 

In Table LXIX and Fig. 109 is shown how the addition of a 
fixed alkali to an otherwise solid gelatin gel Uquejicn this. 


TABLE LXIX 

Neutral Gelatin CJel and Alkali 


Tube 

number. 

Concentration of mixture, 

1 

2 

cc. 

10 i>ercont 

gelatin +8 cc. UaO 






2 

2 

cc. 

10 

" -f-O.lcc. n 

10 

NaOU 

f 7 

9 re 

HjO 

3 

2 

cc. 

10 “ 

“ b0.2cc. ‘ 



\ 7 

H re 


4 

2 

cc. 

10 

“ f-O.acc. • 



i 7 

7 ee. 


5 

2 

cc. 

10 “ 

“ f-0.4 cc. ' 



17 

0 rr 


6 

2 

cc. 

10 

f-O.ftcc. ‘ 



1 7 

.ft e<* 


7 

2 

cc. 

10 

“ f-l.Occ. • 



f 7 

0 re 


8 

2 

cc. 

10 

“ f 1 . 5 cc. ‘ 



ftl 

ft ee. 


9 

2 

cc. 

10 

f2.0cc. • 



1 (1 

0 ee 


10 

2 

cc. 

10 

“ f2.ftcc. ' 



1 ft 

ft ee 


11 

2 

cc. 

10 “ 

“ f3.0rc. ‘ 



1 ft 

0 ee 



The mixtures wore liquefied in a warm-water bath After Htantiing for twenty-four 
hours at 25° C. the gelatin in tube 1 was solid; that in tubes 2, .’i, 4 and ft was also solid; 
in tube 6 the surface quivered on shaking. The gelatin in tube 7 flowe<l m a viseiil liquid. 
In the remaining tubes the gelatin was entirely litiuid. 


TABLK LXX 

Neutral Gelatin (Jel and Acid 


Tube 

number. 



Cftmcentration of mixture. 


1 

2 

2 cc. 10 percent gelatin 4 8 ee. IlaO 
2cc. 10 “ “ +0.1CC, n/ 

10 H(’l 17 9 cc. 

H?() 

3 

2 cc. 10 


“ 4 0.2 cc. ‘ 

" f 7 H cc, 


4 

2 cc. 10 


“ 4-0.3 cc. ‘ 

•• 47 7 cc. 


6 

2 cc. 10 


“ 4-0.4 cc. * 

“ +7 ftcc. 


6 

2 cc. 10 


“ -fO.ftcc. ‘ 

17ft cc. 


7 

2 cc. 10 


“ 4-1.0 cc. ' 

“ 17 0CC. 


8 

2 cc. 10 


“ +1.5 cc. * 

“ 1 n ft cc. 


0 

2 cc. 10 


“ +2.0 cc. ‘ 

** 1 n 0 cc. 


10 

2 cc. 10 


“ +2.5 cc. ‘ 

*' +5.5 cc. 


11 

2 cc. 10 


“ +3.0 cc. ‘ 

*• +5.0 cc. 



After these mixtures had stood for twenty-four hours the rontrol gelatin in tul>e I 
was perfectly solid. The mixtures in tubes 2, 3, 4, 5 and (I were so that they eould 
be turned over, though on hard shaking they quivered; in tube 7 the gelatin flowed m 
a viscid liquid; in tubes 8, 9, 10 and 11 the mixtures were entirely fluid. 

Table LXX brings out the miino general trut hs for the addition 
of acid to an otherwise solid, “ neutral gelatin gcd. 

In interpreting the findings here described wc^ would say that 
under the influence of the added alkali or acid the neutral ” 
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gelatin is converted inU> a bjinic* gc^laiinate or a gelatin chlorid. 

eompoundn, at the saint^ coaceniration. arc^ inon^ Holuble 
in water than the ncnitral gcdatin and hence the liquefaction of 
theses Hyntcuna, 

TAUnK I.XXI 




Sonn^M 

(iKLATINATK AND 

Salt 



Tube 

number. 

( *uneentrntton of muture 

1 

2 c' 

e 10 iM'r«’i*nt gehittn 

i H ee IhO 





2 

2 

e, 10 

} 1 r» ce n 10 Nat til 

1 0 

f» ee. m< ) 



H 

2 

e It} 

i 1 er * ’ 

i t) 

1 ee III Na( *l f 0 

4 ce, 

UtO 

4 

2 

e !(} 

i I A ce • * 

1 1) 

2 ee. ' • • * to 

a ee. 


ft 

2 

(• 10 

t 1 5 ee *• 

ft) 

.'{ee, •• *' to 

2 ee. 


ti 

2 

1* 10 

t 1 ee •• 

1 0 

4 ee, ** *• t ‘1 

1 ee. 


7 


e l<} 

t 1 :» ee • • 

f 0 

f» ee. •• *• t o 

t) ee. 


H 

2 

e 10 

t 1 ee " 

f I 

0 ee " • ' f .’i 

r» ee. 


(I 

2 

e 10 

1 1 5 ee " 

f 2 

t) ee, •* " {4 

r> ee. 


10 

2 

e 10 

i 1 A .e ’ * 

f .'1 

t) ee, *• '• t 11 

f» ee. 


U 

! 2 

e 10 

I 1 h ee ' • 

} 4 

t) ee '* •' j 2 

, «) ee. 


12 

• 2 

■e 10 

} I 5 ee " 

1 h 

t> ee *' “ t 1 

.’ll ee. 


At the en«l 

of twentydour hours the pure gelalui wa« 

the gelatin pluw the 

alkali 


wan liauni Thi* twlmn (H»nfnuiMii£ wHltuiii I’hluriti in nddittnn w<»rci all anlid, tlm optimum 
jitifffning fffrrt of thr aalt tn^inM ♦’vnlt'iit in tui«* 7, 

TAHhK nxxn 

(nil.ATIN AND SaLT 


Tulie ! 
number 


< ’ofieentration 

of muture. 




1 

2 

2 ee It) |w*reent 
2 ee. to 

Melafin t H ee, lid) 

t 1 h ee. n 10 IK’l t 0 

f» ee. 

HfO 


3 

2 ee It) 

} 1 r. ee •’ 

’ t 0 

1 ee. 

m 

Naf'l TO. 4 ee. 

HsO 

4 

2 ee 10 

” t 1 A ee •• 

' fo 

2 ee. 


'* TO a ee. 

* ' 

fi 

2 ee 10 

) 1 ee * • 

* t tl 

a ee. 


’ * t o 2 ee. 


6 i 

2 ee 10 

•’ t 1 A ee, *• 

' to 

4 ee. 


i 0 1 ee. 


7 

2 re 10 

•' t 1 A ee 

’ to 

A ee. 


" fO.Oee, 


n 

2 ee 10 

t 1 A ee •• 

* f 1 

0 ee. 


*' t'A.Aee. 


0 

2 ee 10 

t 1 ee '• 

’ t'2 

0 ee. 


“ fd.Aee. 


10 

2 ee 10 

'• i 1 r» ee. •’ 

' t3 

0 ee. 


•' TT{ .”1 ee. 


11 

i 2 ee 10 

" I I f» ee. ’* 

• t4 

0 ee. 


” T2.Aee. 


12 

1 2 ee 10 

i 

*• tlAee. ** 

* tA 

0 ee. 


1 1 ,A ee. 



Twenty-four hours aflor the iniixtttrfw had lunm pre|mr«i the pure geltitiii in lube I 
wa« w»Itd; the ftrklihiHl geliifitt in tulw* 2 wan lif|uiti. A dktiiiet infiuenea of the aodium 
chlorid wiwi evidpnt won in U where the mixture tmridy flowini. The vi«eo«ity inerf*fiiied 
progrc»i,iv«4y from tulw’ 4 to tulw* 7 in which* the optimum of the sodium ehlorid was 

ohaerverl. Here the getafin was aotid, hut rmt quite »o wilid m the pure gelatin. The 
gelatin mixturea in tuln^ H, ft. 10, !1 and 12 were »oIid, but, on b«ing tapped, quivered 
more eially than did tht gelatin in tub« 7. 
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To illustrate, now, upon siu;h basic (or acidic) gelatin the 
effects of a neutral salt (in niiiniciy of thci mlting-out effcnds 
observed upon soaps). Tables LXXI and LXXII are introduced. 
They show that the addition of a neutral salt in increasing con- 
centration to a previously liquid gelatin at first imremm its msemity 
to an optimum point (gelation) and then decreaMs it. The same 
explanation holds for this finding as in th(^ mm of ilm soaps. The 
salt becomes hydrated and, as Balt.-wat(^r, InuHnncH cmmlsified in 
the hydrated basic (or acidic) gedat in. Wit h «dt adde<i Iwyond the 
optimum point the salt-water beconu^s th(‘ (^x((u•naI phases and the 
viscosity of the system falls. With (mough salt added tlu» wliole 
of the gelatin (as sodium g(‘latinat(^ or gedatin chlorid and iiot as 
neutral ” gelatin) 8<^parat.(\s off in practically anhydrous form. 


6. Supplementary and Critical Remarks 

§ 1 

It is necessary to keep clearly in mind that the possibilities for 
chemical and colloid-chemical changes as tlius far outlined for the 
fatty acids and the proteins constitute only a small fraction of 
those which may be induced. 

While we have said that only alkalies will unite with the fatty 
acids and only alkalies and acids (or their salts) with the p(dy- 
merized amino-acids called protedns, the former may be sulphon- 
ated, may be saturated with hydn)g(ui, may \m oxidized or iodized 
while the latter may also hi^ oxidiz{*d, hydnmylated or have acids 
bound to them elsewhere in the molecule t han at an NH 2 grouping. 
As each of these chemical changes is induced the fatty acid deriimtim 
or the protein derivative assumes new properties of solubility' for 
water and in water and as this happens the eolhidmhcmtical prop- 
erties (like the viscosity) of the s-ysbm in which stick a chemical 
change has been induced j must also change.^ 

To keep things simple wc^ have also touched uiK)n only the 
grosser of the phase differeru^es prescjnt as neutral proteins mute 
with alkalies or acids. How much more complicated in fact! are 
the systems which have been described is a|)piirent when reference 
is made to Figs. 48 and 49 and the system, stearic acid/alkali/ 

1 The derivatives listed have already been partly studied in our ktmratory 
and will be reported upon later. 


^APS, PROTKIxN DERIVATIVES AND TISSUES 


223 


is connidercMl and (‘oinpared with tlm analogous system 
i/alkali/ waterd 

unit ralimt ion is nc)t complete*, the* result is an emulsion of 
:ioml)in(Hi fatty or prot(*inie acid in such hydrated soap ” 
roduc(*d. If neutralization is eompl(‘te and the wat(T eon- 
i sufficiently low, only pun* hydrateal alkali stearates or 
ed alkali pn)t<*inatc* is ohtain{*d. This obviously corre- 
to tlie lowi*rmost k*V(*lH of the* two diagrams. l)(*jKUid- 
[)n the tem|H*nitun^ eith(*r solid (Fig. 49) or Ikpiiel (Fig. 48) 
s may la* obtained. With HufrK’i(‘nt water, only a true 
ion ” of the* alkali Htc*arate or alkali protednate in water is 
hI. Wc* an^ th(*n in the* to|>moHt 1 (*V(*Ih of the* t wo diiigrams, 
\i solution, howc‘ve‘r, th<*n* fedlows hydndysis of the*se* com- 
e, HO that in adelition to m(»l<*(*ule‘H in solution there may 
, Ixwide the* soap, fre^* fal.ty or pn)teinic a(*id and fn)a 
and along with the*H(* the* ie)nH of tlie^se^ substance^s. The 
;»e of such ieins in the* (*ase* e)f pre)te*in ■ \\*at<*r systems luis 
►nly bee»n e*alle*<l upe)n to ac(*e)imt fe>r thedr e*ollead-e*he*mi(*al 
tic*H. 'rhirigs are* almemt e*xaettly the* re*ve‘rs<^ 'Phe most 
*ly eadloiel soap or prote*in/ wab*r systems, in e)the*r words 
re conce*nt rate*d one*s, are* at. the^ othc:r (*nd e)f the^ eliiigmuiB 
ow no ions at all. Whe*ne*v(*r such apjH^ar, theey are the 
ital prcKluctH of elilutiem and hyelndysis. The*y lH*gin to 
therefore* as Hew)n eis seiap or j)re4e*in in true solution in 
tpi>eaim wdthin the hydrate*ei soap e>r pre)te*in, in either weirds 
be various mixenl systeans which lie^ in or above* the^ level Y. 
ns are% howe*!ve*.r, neit in the hydrated ceilloid, but in those 
m of the*sf* mixeni syHt4*ms wliich contain disseilved, dissoci- 
rid hydrolyzcal soap or protein, 

illust rates tlie infinite variety of systems that may result 
lixture of a l>ase* with a fatty acid or protein we neHnl but 
^ following: fatly or protednic acid emulsifieHl in hydmted 
r liasie! iirotednate, and vice^ ve^rsa; soap or proteu’n ** solu- 
in solid hydmted soai> or basic proteinate^ anel vi(!e^ versa; 
r protein ** solution ” in liquid hydmted soap or basic pro- 
! and vice versa; soap or protein solution/’ pure and free 
ons or such as contains free fatty or proteinic imid, fre^e 
and the whole gamut eif ions;— all detennined obviously 

p. 13 and 76 and FigB. 98 to 103 with the acwmpanymg texts 
t>e studktd in this connection. 
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by the concentrations of the various materialB existing in any sys- 
tem, by the content of water in th(^ system and the! ttaniM^ratim!. 

Every one of these systems may he* produced at will fnan 
fatty acids and alkali or from “ neutral '' pn)teins with alkali 
or acid. 


§2 

It will be noticed that the above n^marks atUanpting to 
explain the colloid-chemistry of protcuii watc*r systems have 
called for no conc(!pts outside thost^ of mutual sohibility and 
mutual emulsification or suspemsion, just as in the. vnm* c^f soap/ 
water systems. What tlum he.eouu'S of the (dunni(»al, ele<*trical, 
surface tension, adsorption, (dc!., th{‘ori(‘H of stability in colloid 
systems proposed l)y various authors? Tin* answer is^ we think, 
simple. Th(ur views an! not. always wn»ng, but tht^y suffer 
universally from oiH^-sidcaiiu^ss. Huy csrr eitlu^r lHu*nu»a they 
are inadequate to explain mor(! than a jmrt of the Isdiavior of 
all colloid systems or b(!caus(! the (!X[)lanatio!i holds for only 
limited examples. If refferemu! is iigiiin made* to Figs. 48 and 49 
it will be seen that those authors, for (^xamplc% who tr>' to scus 
in all colloid systeitis nothing but siHunal instances (ff modified 
'^true solutions^' are clearly trying to find tlie c^xplanation of 
all colloid phenomena in r(!gioim lying above! the. l<*vel K, and 
that often they are atttunpting to do this l>y the (dnuiges incident 
to mere passage from some! one horizontal Ic'vel to the next. Huch 
a view is obviously too limited, for it. ignon*s the Ixthavior of all 
such systems as lie below tlu! kwel V, Those! authors, on the 
other hand, who hold that (diang(* in sonu* oru* fatrtor is ri"S|K>nHible 
for the changes in stability of all (»oIloid systems suffer from a 
similar limitation in point of vienv. It is diffunilt. for example, 
to conjure up eleet.rieal notioiis to explain the stability of colloid 
systems which consist merely of organic! Ho!vc!nt 4 ^ and miiterials 
like fat or rubber. Stoichiometrictal rcdaticawhips !<»«* thedr forc^e 
when stabile colloid systems can be built of most variable pro 
portions of fat and a hydnitable carliohydratii! (for c^xarnple 
cottonseed oil in hydrated acmeia, glyc^ogcui or dextrin). Bur- 
face tension views are inadec|uate when, with firogrcwive change 
in surface tension relationship tetwcuui any two BubstiuKuw, stabil- 
ization is obtainable only through a portion of the range*, or, (ton- 
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vem‘ly» thn»tip:htnit tin* \vh<»h* ra!ig<» ikj matter what the surface 

values. 

And yet !he.s<‘ rmiiarks must not hc‘ mismHi(‘r>5tc)()d. They 
du fu)!, in tlie tii>l plaee. diminisli tia* valia^ of ihe actual ohservor- 
timts made by tlies** dilTerent aiUhom upon various colloid systems; 
nor <io tlu^v deny that tht* faetorK they eiti‘ an: m)t of some impor- 
tance in s<ane systems. The whole ])rol>lem, obviously, moves 
back to an im|uiry into still mon‘ fundamental ones: what is 
the naftin* of sidution; what mv the forces active in producing 
and imuntnimiig 4*mtdsions; and what is the nature of solidifi- 
cathm withtait or with a “ solvent “? 

We do not ours«dves pn‘sume to aiiswcu' th(‘He questions. In 
the matter of fht* nut tire of solutiom howewaT, we would like to 
emphasi;^,e <»ur growing opinhm tliut it is much more often union 
in quaiifitntive relations IsUwetm ciissolvcul substance and the 
ihsHoIving medium with pnaluetion 4>f new compounds than 
is at presimt accepted by thf‘ ** diluti^ solution^* chemists; and 
that, es|H*rially in " et>m»<mtrat<*d “ systmns, t his factor becomes so 
gn‘Ht that the ailded element t»f inert* subdivision of one material 
in a sectmtl, sti ht*avily stmssetl in the “ dilute ” solutions, largely 
tiiHHp|H*ai*s. 

d'ht* ftu'<‘es uetive in stabilii'Jng a (tolloitl system may be any 
or all of thosi* which makt* possibh* or give character to a solu- 
tion,” or which |M*nuit of the stnbilimtion of one material in a 
siH’ond to yield «*ith<*r cth*|H*mling upon the physical state of the 
phaH‘sl an <*mulsion (»r a sus|H*nsion. As all thti facts of mutual 
wiluthm cannot Im* umiersttMMl upon any purely electrical basis, 
ami as all the ph«*nnmt*nH of coh(‘sion, adhesion, Buspemsion, 
stabili/jitimi, etc,, vnnuot at pn^semt Ik* undersUKKl through any 
singlf* imtion of visettsity, surface tension or other force, neither 
can pun*ly chemi<*al pundy electrical or pundy surface tension 
conc<*pts alone ** e?cplain ” tlie tadiavior of them^ systems. 

6. On Peptization and Coagulation 

§ 1 

With the ideas of th<* pn*ceding pages in mind we wish now 
to consider c<*rtain gnmp nau’tions characteristic of different 
proteins, to «*<* if sonu* Himpl(*r concepts than we now possess 
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regarding the fundamental nature of Itu'Hc gn)up nnudioiw, can 
not be diacovored. Reference, is made to their “ jx'ptization ” 
and to their “ eoiigulatiou ” uiuier various circumstances ami 
to the colloid-chemical cquivaUuits in tyjs's of change encounicn'd 
in the physiology and pathology' of pn>tophism under tlu; terms 
liquefaction, cojigulation and lU'crosis. 

The temr “peptization” may Ik* taken for our puri>osr*a iia 
the antonym of “ coagulation." 'I'lic latter term has laam applied 
to what rcproHent.s at. le.ast. s(>v<>ml difTenait tyiM*s of change in 
protein/water systems. What th(‘S(> have in common, liowever, 
is a change in state from one in which the i>rotein (or soap) is in 
solution or suspension, to on<^ in which it is aggn*gaU*(l, s<^pa^lt(‘<i- 
out or precipitated. In tlai terms of WonK(iAN<i Ostwai-d the 
changes characteristic; of cojigulation an> essentially those* of 
decrease in degree of disiH'rsion, in oth<“r words changes in the 
direction of coarsew division of the; materials. .Vssociatfal with 
such a change, may be one; in water-holding power, in optical 
propcrt.ies, in viscosity, (dc;. 'rh(;re an; those who would n'strict 
the tenn “coagulation” to HU(;h changes as prove irn'Cemiblc. 
An albumin would th(;refon; hi* siiid to hi* coagulable through 
heat or a mercury salt (sinct; lowering of temiM-ratui'e or dilution 
of the mercury salt dcK;s not bring back the* albumin to its fonner 
“ dissolved ” state); it would not lx; cojigulalde, however, through 
saturated magnesitun sulphate solution (for this on dihuion allows 
the “ albumin ” to resuuu* its fonn(;r state). In tin* latt.er instance 
the change is often designated as a pnwipitation or “ salting-out ” 
of the “ albumin.” It d(M*s not um.t t4;r, for our puri»oses, how 
the terms are used, for colloid-cln'inist ry nwds to consid(>r them 
all. The distinctions are, mon;ov('r, arbitrary for, Jis long known, 
even heat coagulations are not comph*t<‘ly irn-versihle if tin; high 
temperature is not maintained too long; and we shall scs* later 
that, just as in the cjise of the soaps, tin; In'avy nn;tal coiiguht- 
tions of the proteins can also In; “redissolved.” What light do 
the observations on soajw aini the Hoai>-like. pn>(4‘in compounds 
already described cast upon the nature of these cotmulative 
changes? 

In order to illustrate how wo think the; views devc'loiwd in 
the preceding pages should lx; apjdied for a lx;tter undemtanding 
of the proce-Tses of “ peptizat ion ” and “ coagulat ion " in pn)iein 
systems, we shall cite examples illustrating irrotcin change (1) 


PliOTKIK I)KlilVATIVI^:8 AKU tM 

of the iifitl rtMiguhilhm tyi>i% (2l «if tin* Iwiit nui^iiliiiniii 

and (d| of flit* |i!iymt*l«>jcH*iil itm !y|M*. 


Pepiisiiiiwi yyiy Ik* itiKiniR^’il l»y tn flir 

chfUigeH milTori**! I»y ii firtiiinii " tnmiltilitr ” in ivnirr, mn 

ea«dll, wfioii lhi.H in i«t thr iirtiiHi of iiiiV tif llir liglil 

metiil C*ii.miii, liki* iiiiV of iho lii|^lii*r fiilty iiriii^n 

(for inihiiiliiM, ivhoii ttiixi^ti with wiiirr fjiib to 

Expn^iiml ill tin* irnoH 4lovi*l«*|ii^il in ii»ii ii'ifh iIp* itii*<»ry 

of the lyofitiilie m»ii|i imlhinbd tlir nn^dii innl I hr |iii!iiiitir rirni 
neither miUilde in w'litrr ii«»r yrf KohniiK for luifrr. Wlim. ti«iw- 
ever, liii idkiili dike mMlitiin livdriixnll in inhled !<i iditier. lM*iti 
Imnmw ** wihilihn** In llit* vnm^ of tin* fittty iiri*I wr Inive hmg 
mikl thiit the eliJifi|i:f* iw eiiifirii|«*iil wdtli I rntiKffiriiiiilioii frtilii fully 
wad to II miiifi; ill ihf* eirm* of rii.wdfi tiiiid Kimilnr Iwiwevrr. 

we iiiort* ri*iiiiiiiiiily mud thni it m milntdi* ** " in itlkitliiie 
i4olytioiw/* thill if in '' hv itlkiih«*i^, ihfii it " 

colloiihilly «lii4|iiw*d ihroiiich jt y’i|tiiKitr iiyiiili«*r of « tH itiiw/* 
ete. It Kt!ii|ilifie-f4 mittfer^ mid mtiri* roro^ri In miy tlnit whiil 
hap|«*yi4 h the mfii** in Iwiih m*if^ of tiiiiirriiilK, Froiii the riiiiiiiy 
Pm, w hiniied ii mtiipdike f*oiii|«iiyid Ifiiifiirly mKlitnn 
wliieli in not oriiy iiioii* miliihh* in lull mlmi n ln^tlrr mili'rlil 

/or W^iitiT thiili file nrirntml “ netilrii! ** eft.f#*ili, /!« lAr yrr 

(hiM ihiiughi nf hm drjimir rmninmiuh , rm'h irtlli iIj* mrn in 

tmder n mi Um tmm Mnitmi fttr imirr, m* nlstp 10 il l$tMf im momir 

of ihi* iMmit uml mrkMu* pnHrmnlrn nlmi ilrliiiilr rhmmfntl rfffii- 
poumh pmBrmml of llmir t$um mduhililg in mmirf mml mdiwmt immmr 
for tixiliT. 

The itieii lliiil filkiilien (or neidf*'! tiiiile mdtii firtitein In yieliJ 
cc>m|MMiiidfi iff, liy il-mdf, of eoiinitn iiof iii*w% 1 1 w^ft,w mriy ex|Ww*il 
by S. IloiiAiiHEV iiiid L. ^ mid Imn, «iiire ilndr .pliidir#. 

iMM'neoiifi rifled fifid devi*lo|i«n| hy W„ 

^ |m«e III 

•H Beo4itBK¥ liiiil I, hr*^h , It, M f I mini 

*W II llAiitif: Jiiiir l%ymol , ii, tAi illiWti, 

* WiiLrii4i^'fi KiillfiidelMntiie iler Kiwetwik*lf|»r, IW, i>rr'i«lrii 

where may Im* foiifitl f lip relereiiri^ Ici hk imrlw utiiiiiew 
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E. Lacqueue, 0. Ra(’kue,^ L. L. Vax Slyke,* A. W. Biwwoimi.^ 
T. B. Robertson, ** 

The difficulty with t h(‘ work of thc‘st‘ aut Ihh's. if uuiy cxprt^sfs 
an opinion, is that with dxwclopinnt to c|uan!itativc levels of tlicir 
chcanical views coveunn^ Htu»h prot(‘i!i c^Iecirolyte water systcans, 
they have seemed (‘oimtantly to hup|mh1 the expnvHtai or implied 
view that with the pure chemistry t>f th<*si‘ systians «Utled, an 
understandinji; of tluar colloidH’hianieal iM^hnvitu- followed an a 
self-(wid(mt. (^orollaiy. 

This vi(‘.w is, w(^ think, fundumcmtally falw*. ir/o7r uniim in 
stoichiametrieal rdations, qualilativr (tnd quant itaiivr rhangrn in 
electrical charge, the accepted //i ear /Vs /// “ dilute siduHim,*' et(\, may 
all at times be factors appearing in a colloid system ami may, infact^ 
in part determine the behavior of colloid systems, their quaniitutwe 
appraisement is in no instance adequate to explain *’ the colloid 
state, Th(‘ colloid pn)|HTti(*H of a eascan sodium hydi-oxid watxxr 
system (ignoring for th(‘ pn^H(ud th(‘ pn^stuice of an overplus of 
either alkali or cascan) are thoH<‘ td a H<)dium eawinnle water sys- 
tem and th(‘S(!, d<*pemling sok'ly upon the {‘onc'/uitratiofi of the 
water in th(^ system, vaiy from the extnune <»f a gt^lutimms s(»Iu- 
tion of wat(‘r in the caH(‘inat<‘ on thi^ one haml to a true solution 
of sodium custnnatc^ in water on iliv other. 

It is well to emphasize* at (»ne(* tin* pro|H*r significanee to Is* 
given the eleetricul, ionic, viK(‘osit>\ (‘tc., pn^|H»rli(‘H which such a 
system may show. In tiu* |)n‘H«‘ne(* of suflicut^ntly little water a 
chemically neutral sodium etmmniv is not ordy s/didly gidatinous 
but also neutral to an indicator like* ph<*nolphthalein, as witn«*s« 
the lower section of the tx*Ht-tulM* shown in Fig. I HJ. While 
this finding is commonly interpn*ted in the* t 4 ‘rmH of orthodox 
physical chemist ly as proof tliat. in suele liighly c'cmeeuif raf«*d 
solutions (as in the highly concent rat<*d soapsi. then* is no adc*- 
quate hydrolysis and (dectrolytic* dissociation ia yi<*ld an overplus 
of OH ions, we oursedves hold that it is just as eorn*et and more 


' E. Lacqueur and O. Sa<'ki!r: nofn«*iHfcr’H , S, HH} f lIMfii 
®L. L. Van Hlykk and co-workerH.* Ain. <’h«’m Jour S3 HU 
ibid., S8, S93 (1907). ’ 


riimrd; 


/ A. W. Bosworth and L. L. Van Hlyke: Jonr. Biul i limn , 14. 2I« f 19i:i) 
ibid., 19, 67 (1914); Bosworth: it)id., SO, 91 C 1915). 

^T. B. Robertoon: Jour. Biol, ('hem., 2, 317, 337 f 19071: ibid 5 49* 
0909); ibid., 8, 287 (1910); Physical ("hcinistry of the Proteins. H5, Sm 
York (1918). Hen* references to the older literature inav Ik* found 
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n^jiHonahlt^ to considc^r this j)rcK)f that the system water-dis- 
solved-in-Hcxhuiu-caHcdnate is something different from a solution 
of sodium-(tiis<nnat (t-in-wat<^n 1 1 must be admitted either (1) that 
indicator nadluMlH may not l>e applied ix> such a system or that if 
t hey are applictahh^ (2) it contains no ions. We reemphasize the 
point iKaaiuwi to our minds the tiasues of the body, including the 
blood and lymph, an* such solutions of water 
in protein (protoplasni) and that, like a con- 
c(‘ntratcxl sodium eaiH(nnat(^/wat(*r system, they 
an^ electrically maitral, that irnlicator methods 
cannot 1 h* applitxl t<y thcan without the greatest 
reH(*rv<*, aiul that, it is fundanuaitally false to 
ri‘gard them as systcans for which the laws of 
th<* ordinary dilute* solutions may be expected 
to b(‘ valid. 

Hlighf <!ihili<»n of the* concentrated sodium 
cas<*inat<^/ wat4*r syst(*m wit h water Huffi(‘.es to turn 
it pink ev(*n wlien t h<* systenn is still entirely solid. 

What turns pink is that portion of the emulsion 
thus formed \vhi(*h n*pn^Ht^ntH the phase, <liluto 
Holuthm of sodium eaH<*,inat(^ in water subdivided 
in tln^ unc*haiig<‘d (more solid) solution of water 
in scxlium eas(*inate. 

Still furth(*r <liluti(m inerc*.as(*.B the amount of 
(lie diiuti* Hcdution pluis<*. and thereion^ the inten- 
sity of the pink color {mi\ Fig. 110). When 
suf!’u*icnt wat<*r is mUhd the system becomes 
mon^ li<|uid since it is now comiK)S(Hl of a subdi- 
vision of hydrated sodium cas(*inato particles 
within a tnu* '' wjlution of sodium casemate as 
till ext(*rnal, <*nv(*loping phases. 

On (^xtmuie dilution the system becomes in- 
tcuisciy rvd («*(*. the ui)iK^r sc^ctions of the tube in Fig. 110) 
btxuuM* this is inendy a dilute solution of sodium caseinate in 
watc*r which has at t,h(^ same time suffered great hydrolysis. 

Just as Urn solubility and hydration properties of any fatty 
actid with diff<*r(‘nt basc*.B change as we pass from the alkali metals 
through alkaliiK^ earths to the heavy metals, so also do the 
solubility and hydration capacities of casein, and in the same 
g(m(*ral fashion. ^IIk*. changes observed in the system as one 
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metal displaces another explain nuu^h of wliat in ordinaril 
described under the head of the “ iK^ptimtion,” '' prc‘.eipit alien 
or “ coagulation of the protein colloidH. 

When potassium hydroxid, for (^xampl(% in add(Ml to a sodiin 
caseinate/ water system it is peptiwul '' and h(‘{‘oineH moi 
liquid; while through the addition of nnigiuwium, (takdum or iro 
salts precipitation or coaguUilum '' is ])nK!u(’<Ml. We pn^fc^r t 
say that in the first instance matcnials an* fonncHl (potamsiin 
caseinate) which are rnon^ ho1u1>1(‘- in wal(*r, whentfon*. tla** who! 
system tends in the direction of tin*. l(*aH viscid tnn^ Holutior 
while in the second, maU^rials arc^ pn)du(*(‘d wliicdi an* less solubl 
in water and are possc^sHtul of a low(*r hytiration capatuty. llenc 
their separation from tlu^ dispersion mcHliuin. 

As reversion from a state of low hydration, low sohihility arr 
precipitation to a state of higher hydration and ** solution is mos 
easily obtained in the of the soaps wlicn thc^ alkali nadals ar 
involved, is more difficult when those* of th<* alkaliiH** (‘.arihs ar 
considered and is generally said to 1 h^ impossihlt^ in tlu* c^ast^ of t h 
heavy metal soaps, so also in the enne of t prot eiim an* t he siinila 
reversions accomplished with incn‘iising <lifficulty and inon* am 
more slowly as we piiss from the alkalii^s through tlu* alkalin 
earths to the heavy metals. Tlu*. h{*avy metal salts an* for thi 
reason regularly listed m coagulants ’’ of tlu* prot4*i!iH, whiL 
those of the alkaline earths oempy an ambiguous middle gmimd 
The light metal salts act mendy as ijn^dpitants ” for t lu^ |>roteinj^ 
As previously emphasiml ^ and to In*. tc)uc,hc*d \\\mn ligain thesi 
facts are of importance not only for the understanding of thi 
nature of certain coagulations but (unlxHiy tlu* prin(*iplc‘H whiel 
must be employed when such ecnigulations ap|Har in living matte 
in consequence of heavy metal poisoning. 


§3 

It is necessary now to discuss the elTc*cta of temperature upoi 
the proteins, associated with which is the* qiu‘Htion of tlu*ir hea 
coagulation in order to me whem this net of iduaiomena has it 
analog in the colloid-chemistry of the soaps. 

^ Martin H. Fischer and Marian O. Hckjker: Bcience, 4S, 409 (1918). 

^ See page 240. 
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li’or a few of t lio i)n)f <‘iim (jih gcilatin) in the presence of the light 
metal Im.sea, flwi efTeets of tcaniKiratim^ may be dismissed with the 
K(af('m<‘nt that, raising the t<'mixiraturc merely moves the system 
in the dimetion of triu; sohition in water. As ordinarily stated, 
the pn>teins arc5 “ mf)ni soluble ” at the higher temperatures and 
am “ not coiigtilabhi ” by heat. The same might, of course, be 
Hiiid of tiu! “ sobibility ” of (ho lower fatty acids when these, in 
the pn^wmtHi of wKiium or iK)taHaium hydroxid and water are raised 
in t<‘miKtni(un^ When the sjuno proteins are examined in the 
pn‘.sence of magnesium or calcium their behavior becomes “ambig- 
uous,” while- in the tls^ pnwtnce of heavy metals the proteins are 
uniformly coiigulable at. all tomixinit.urcs. The reasons for this 
are to be fouial in the fact that many of the magnesium and 
calcium prot^anates {lik(! the. imignosium and calcium soaps) are 
littl<>. moni “ Holubhi ” at higher temiK'.niturcs than at lower ones, 
while all t he heavy metal pn>teinat,c8, like the heavy metal soaps, 
have a low hydrat ion capacity and a low solubility in water at all 
(emiH'.rat urt‘S. 

Th(5 a<!C(ipt<Kl example of heat coagulation (or heat denaturizo 
tion of th(% “ pn>t<!in ”) is, however, Ixist seen in certain of the pro- 
teins like various albumins ami globulins. Here rise in temperature 
even in the pnwuuxi of light metals does not favor hydration and 
solution of tin* “ pniUnn ’’ l)ut just the reverse. Where in the 
colloid-<!hemis( ry of t he soaps do we encounter an analogous set of 
fact s? Nowhtini in the group of the systems composed of pure soaps 
and lit tie wattw, but in the Imkamor of those in which through hydroly- 
sis or othtTwise the s(']mralion of insoluble free fatty add is favored. 
In the case of the “ heat eoagulahle ” 'proteins it is also a matter, not of 
the cmyuUUion of the potassium, sodium, etc., proteinaies through 
increase in tem}HTalure hut of the free {proteinic) add formed after 
hydrolysis. items which favor such heat coagulation are the 

items which makc^ for inert^ast^ in hydrolysis or displacement of the 
systcan in th<! dinwtion of a higher concentration of free proteinic 
acid. 'I'he lu'at itself docs this, though the whole process is 
favomd by dilution of the system with water, and the addition 
of stmll amounts of acid. HoaUoagulated protein/water systems 
arc conisid{!red iis among the most typical of the irreversible 
coagulations. R(‘V(“rsiblc, however, they are, as witness their 
swelling and solut ion when such “ denatured ” proteins are treated 
with light metal hydroxide. The same phenomena are observable 



232 


SOAPS AND PROTEINS 


in the soaps. On dilution and application of heat the light r 
soaps, especially of the higher fatty acids, suffer great hydro 
and this hydrolysis is not reversible on simple lowering of 
perature. But let the freed fatty acid be treated with more 
centrated alkali, and reversion to a '' swelling and soluble 
acid — to speak for the moment in the terms of protein ch( 
try — gradually comes about. 

In a careful study of this problem Krafft ^ boiled a 
weight (1 gram) of soap (sodium palmitate) with increasing 
umes (200 to 900 cc.) of water. Just as when certain pr 
'' solutions are thus boiled, these soap mixtures become rr. 
On cooling, a shining precipitate settles out which on ans 
shows a progressively lower percentage of sodium and higher 
centage of fatty acid when compared with the composition o 
pure soap, as the volume of water in which the soap was boil 
increased. The original soap contained 8.27 percent sod 
In contrast to this the cooled fraction when boiled with 20 
water showed but 7.01 percent; with 450 cc. water, 6.32 per 
with 900 cc. water, 4.20 percent. Krafft interpreted this fir 
as indicating that there was a splitting of the soap into so( 
hydroxid and acid-soap ” (sodium bipalmitate). This ide^ 
since been frequently adopted by other workers. It is, to 
minds, only partly correct. There is, undoubtedly, with inc 
ing dilution and increasing temperature, an increasing fracti( 
free alkali formed. This is the consequence of the better c( 
tioris offered for hydrolysis of the soap into free alkali and 
fatty acid- But the mass which separates on cooling is certain 
true bipalmitate, for chemical reasons alone make it hard t( 
how a monovalent fatty acid can give rise to “ acid salts, 
separated mass is not a chemical compound, but simply free i 
acid with which has been admixed mechanically a smaller 
smaller amount of neutral soap. 

What has been said of sodium palmitate holds also for so( 
stearate and for all the higher members of the acetic series, 
true also for sodium oleate. The amount of such hydro] 
however, decreases as the acetic series is descended so tha 
sodium caprate and for ^oapg lying below this it is very g 
indeed. Were we to convert this finding into the terms of '' 
tein '' coagulation,’^ we would have to say that the '' prot^ 
1 Krafft: Ber. d. deut. chem. Gesellsch., 27, 1747 (1894). 
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ehlorid, combines with water whik^ (leprivim^ the sodium ok^ate 
of its water or (2) one which acts upon ilu^ sodium ok‘at(‘ (lik(‘ a 
weak acid) to produce from it- a n(‘.w substances (like^ fatty acid) 
which remains emulsified in t.he un(dianj>:(sd hyelrated sodium 
oleate. In either instances tlus viscsosity of tins wholes systesm 
must rise, as exemplified in t.lus fii*si stiigc^s of tins Haltinfi:-out of a 
soap or in the increase in viscosity obs(‘rv<‘d whe‘n(‘.v<‘r a mayon- 
naise ” is made by emulsification of a fat or fat -like' body (fatty 
acid) in a hydrated soap or hydrated protein. Wil.h addition of 
more salt or more fat-like body the type of emulsion ehan^^ejs to 
one of soap-in-oil and as this occurs the^ viscosity of the system 
falls, serum separates off and the soap or fatty a(‘id swims as 
a clot to the top. If the soap or fatty a(*i<l is crystalline at the 
temperature of the clotting it may, of course, crystallize out. It 
is of interest therefore to note that, in t he case of blood (‘oagulat ion 
the clot is definitely crystalline. ‘ 

We do not presume to say which of the. two tyix's of “ coagu- 
lant,^' the fibrin ferment,'’ rennin or muscle ferment folltuvs, but 
we incline to the view that it probably act.H like a weak acid whicdi 
splits the original fibrinogen (and not Viko th<^ salt). Tlu' “fer- 
ment ” nature of the diffenmt coagulants has been seriously (jm^s- 
tioned in late years, for t.hey not oidy s(X'm hesat st^ibik^, but 
disappear quantitatively as coagulation advamxis. It is not 
necessary, of course, that such “ split ting ” should be induced 
through a true ferment. The appearance in the reaction mixture 
of any substance which acts like a wcuik acid would do (|uite as 
well, for the addition of a limit.ed amount of such a subst ance will 
not only stiffen a hydrated soap/water system Imt , similarly, any 
hydrated potassium, sodium or other basi(^ prottanat^t system, as 
illustrated, for example, in the “ souring ” of milk. 

How now may the “ favoring ” act ion upon coagulation of 
calcium, iron or other heavier salts Ix^ umi(*i*st ood? 1 1 is necessary, 
here, to state just which part of t lu^ c.oagulat.ory proca^ss is “ fav- 
ored.” Usually it means the earlier apixuirancc^ of a fre.e clot or 
the development of a “finner” clot. Obviously tlui |)reseiice of 
the heavier metals must favor the demdopnamt of fatty acid or 
proteinic acid derivatives which are posscisscHl of low hydration 
capacities. 

>See StObel: PflUger’s Arch., m, 361 (1914); W. IL Howell: Am. 
Jour. Physiol., 36, 143 (1914). 
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ON THE THEORY OF POISONING BY AMMONIUM 
COMPOUNDS AND BY HEAVY METALS 

1. General Remarks 

If wv lany apply to protoplaam the conclusions which have 
lKa*n n‘u<‘he(l in tla* pn‘vious })ag(\H it secerns safe to us to say that 
the fouiHintion of living inatU^r is a polymerized amino- (fatty )- 
mad to whi<*h iKaannlly mv, joiiau! various bases (like potassium, 
H(H!iunp magnesium and <’al(‘ium) and various acid radicals (like 
ehloriii, liromitl, bi<‘arbonat(\ sulphat(‘, and phosphate) the whole 
constituting a unit* <’af>abl(* of sucking up or “dissolvings^ a 
<»ertain aimnud of watcuv It is in other words a basic-protein- 
Hcid compound iii \vhi{’h wattu* has been dissolved. Even the 
bl<M)d and the* lymph have, this (H)lloid-chemical constitution. 
Tlu* s<a*retions fnan thc^ laxly, on the other hand, represent the 
o|>|Mmite ty|H‘ (^f systcan tlu^ urine and sweat, for example, are 
easiudially soluti<mH ” of prot.ophismie material in water. 

It is of int(U‘(‘st now to study this hydrated protoplasmic mass 
(tisHiK*. and bhxxl) to h(‘<^ what changes it may suffer when other 
than th(t normal busc^s or acids arc introduced into it or the pro- 
portions of thes4! const it lumts to each other are varied from the 
normal. Pro|w*r nnswiT h(T(^ has much to do with our funda- 
mental thecuni^H of th<‘ physiology and pathology of cell behavior 
and of pliarmacological action. 

* From eouHtimt ro|M*tition in colloid-rhcrnical, physiological and pharma- 
mlogiral action the gnniping may he c-xpresHcd approximately as follows: 
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It is worthy of note, first, that sodium and ehhuid an* among 
the least poisonous of the listed const it m^ats that may 1 m*. intro- 
duced into cell protoplasm. It is for this n*aHon tliat. stKlium 
chlorid is the main component of all “ physiologic*al salt solu- 
tions.^ Not only do sodium and (^hlorid apiK*ar in protoplasm 
in largest amounts (in the list of tlu* so-callt'd inorganic! “ salts ”) 
but they yield, with protein, (!(»lloid sysU*mH whicdi in physical 
behavior most closely api)roximate tlu* physic*al c’hanud<*ristics 
of living matter. As we ascetid or (lesrend the list of the tabulated 
bases or acids from sodium or chlorid we eueouuier protein deriv- 
atives which are either more hydrainhle and solutde in water than 
normal protoplasm or which are less Injdralable and stduble. It is 
this fact, we think^ which is associated with the physiohujivab patho- 
logical and pharmaeologieal action of these elements when introduced 
in more than norniaL eoneentration iido the living mass, Wlu*n, 
for example, potassium is introducHul in more* tlian n<»rmal amount 
it exerts a poisonous action \vhi(*h colloid*»ctu*micHlly evi- 
dences itself through an in<!r(‘.as<*d HW(*lling and an incnuiwd 
fluidity of the affected protoplasm. Aimnonium ac^ts similarly, 
which explains why potassium and ammonium salts, for (‘xample, 
are used therapeutically to n*nd(*r na^rt* licpiid tlu* mucinous 
secretions of catarrhally affected nmcous in(*mhrHru*s. 

^ In connection with the atuilysm of pliysiologic'iii ruul putluilngical proh- 
lems in the terms of colloid-chemistry, detinition must Is* Htn*mpted of the 
nature of such ‘‘physioiogicaP’ salt solutions. Pur*! wai<*r is |>oi«oaous 
because in contact with it, protophw^m hydrolysies. Kre*! proiiun in cfuise- 
quence precipitates within the <m* 11 whii*! “salts'' difTum! into the distilled 
water. Presence of any salt in the puni water r«Miiu*<*s suc’h hydndysis. The 
salt must, however, be of such nature and of such t‘oiuM!rU rid i<»n a« not to 
diffuse into the prot^oplasm and displat'e the ntirmal et|tiilitiriuin e?ciating 
there between the various basic and ac’ifiic <*k*nu*nts. Hence the sujierior 
value of an NaCU solution over that of any other one salt. But Nid’l alone 
still permits of displacements and loss U> the salt solution of constituents like 
K, Ca, H 2 CX) 3 , etc. For this nmson a IliNUKUsolutani (which contaiiw small 
amounts of each of these in addition hi Na(d) is suiMTUir to simple salt solu- 
tion, Solutions of the sugars (even when }>res<mt in the same “<mmotic" 
concentration) do not pixwent such liydnilysis ami h«‘nc«! an*, little ladder 
than distilled water. When projK^rly pn^parcal, a pliysiokigicail salt t^dution 
will have a composition which, as a sohitum of salts in widt*r, is in ecjuilihrium 
with the system, solution of water in proU^plasni. I'lui pndoplasiu will 
now neither take up nor give off water, in otlier wt^rds the two systems 
will be ^‘isotonic.” The eoneentration *)f the iiidividiial salts in the water 
will, however, probably not be (and need not be) that of the (‘oncentration of 
these same elements in the hydrated protoplasmic miiHs. Whence the com- 
mon finding that “isotonic" solutions are rarely (if ev«*r!) iwwmotie. 
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T’b- „f ninKn.*«imi or oalduiu into protoplasm 

ImuIs. on ihf othor liaii.l, to n “ .irying; out" of tho protoplasmic 
miw. Wliil.' siiinl! ninoimis of thm* ekitnonts arc necessaiy 
to inaintuin proiuplasm in its iionnal steto, larger ones begin 
to sh<tw a ili>iin.-tly " poiw.nt.iw " m-tion. Hueh poisonous effect, 
with corn-sj Mill. ling <l<-hy<inition of the tissues, jumps enormously 
when salts of iron, silver, niereury or leiwi are used in pharma- 
coiogieal J.raeiii-e; heiiee the iH'tal of administering these sub- 
stiiiiees in very stoall aiooimts, in medicine, if their use is not 
to piiHhi 4 i!i«‘ *’ phyHHilogiruI limit/' 

In tfir niM^ of fli«* honvirr tlm alKJvn conRiderations 

h*nd m l*i tfii^ fihvioiiK ruiirlumtm that \\umh act m poinoriR to 
protoplnMiii h raiiHi* I hi-y unite with to form compounds 

niori* MparM*!) hydnitai*!** limn noriiml prolojdasm. In pathol- 
ogy and lio'dit'al pracfii*** the formation of mich heavy metal 
proiopln-Hinif' «*tini|MiUfaLH in generally conHulered to constitute 
an irren‘i>i!»!i* elmuge and tlie alTecled protoplasm is commonly 
fidjutigeii nerroiif^ or dimd. The mem fact, however, that indi- 
viduiilH p«iiHoned hv any nf the heavy metals do occasionally 
rmaiver alrently nidieat4»s that such a (’(mclusion overstates the 
faetw; it leiirnetl. iiion^over, in ecnmich^ring th(‘ colloid-chemical 
Is'hnvior of thi* iimalogoim heavy metal soaps, that these could 
!«* converted into light metal Roups. We wink now to show that 
ihr hrm-tj turkd prtdrimiirH With thrir low hydration capacities can 
aho Im’ aoinrirti iniu thr man highly hydratahk lighter metal pro-- 
inmiirN and ilmt, m the latter are fonmal, colloid-chemical restitu- 
tion to the eomhfiitn wfiieh metre nearly approximates the physio- 
logieal of prttfoplitsm may 1 m‘ obtained. Before pointing 

<iut till* oliviomH !lii*ory of intoxieiition and detoxication to which 
ihiH fart Imids. ex|«Timents of Robeht A, Kehoe ^ must 

Im* del idled. 

2. Experiments on the Conversion of Heavy Metal Proteinates 
into Light Metal Proteinates 

A fiif»jiiHttred milt mitt (fi cc.) of a visc-id gelatin (2 grams in 
IfMI re. waterl gently stirnHl together with an equal volume 
«»f flist tiled wjiler or an equal volume of m/5(X) silver nitrate. 
The it|t|«*iirmif’i» of fivi* tnhm forty-eight hours after being thus 
* lioiiEitT A. iiiuifiK; Jiiiir. I4ib. luad Clm, MedL, 5, 443 (1920). 
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prepared is shown in the upper row of Fig. 111. The tul«‘ on tl 
left contains the gelatin-water control, tin* mnuining tula 
gelatin and silver nitrate. Then* was now addt'd to tin* tulw 
respectively from left to right, 5 ee. watfw, 5 ee. water, 5 ec. m 
sodium sulphate, 5 ec. m,3 magiu^Hium Kulphat<*, 5 ee. m/1 
potassium hydroxid. 'riu*. lowc'r row of Fig. 1 11 shows tlu^ ('ffeci 
of such treatment thirty-six hours Iat(*r. 'I’he first two tula 
are obviously unchanged. 'I’here has lK*en distinct n'cession i 
the coagulating effects of tla^ silver in tlu* remaining tula's, restitr 
tion in the case, of the KOIl la*ing api)an*ntly complete. 
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Fig. 112 shows the reversing efTects of these and tdher lightr 
metal salts when added to a H<!ri(w of 2 laTeent gelatin solution 
(5 cc. each) previously coagulattal through the adtiition of a 
equal volume of m/f)(K) cupric sidirhatc*., m;150() ferric sulphati 
m/1000 plumbic chlorid. After tins <’ 0 !igulunts had acted fc 
forty-eight hours tlie rev(*,rsing agcmts (5 ee. ejich) wen> adde 
to the tubes (m Nal, 2 m Mgdis, m/2<) KOlI, 2 m KCll, 2 r 
MgCk, m/20 KOH, 2 m KBr, 2 m K( ’l, m 20 KOH). Th 
photograph portrays the tolxis twenty-fotrr hours after such luldi 
tion. The clear gelatin contml apix'ars on the extreme hdl 
The unchanged heavy metal controls are tl«! left-hand tulx's i; 
each of the remaining groups. The three remaining tubes c 
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rarh of tho hIhhv tJiai complete resolution of the original 


liravy nietiil rf>aguluni has 
heeii olitainetl in all cimm. 
Hie iin|M»rtiincH^ of using 
enough cjf the lighter ineial 
«iltH if mvvmkm in tc» lut- 
iaiin|>lii4litHl iH illustmicHl for 
merc’iiry eonguktion in Fig. 
nil. With the ftxeepiion of 
the {Hire gelatin rout ml, all 
the eoiitiuiifal 5 cc, of 2 

|M*reeiit^ geliitin to whifli had 
la*eii iidtlt*d 5 ee. iii/lOOO mer- 
rurte ehloricL I'weniy-'foiir 
lioum later fi ee. distilled water 
wcin! luhled to thc^ pun^sgcdatin 
and a rnereurj’' gi»lfitin control; 
to the nuiiaining tula^a worn 
iid«led fi ee, of {Kitfiwium icxlid 
of thf! eoneentmtiorm ni/l, 
iii/2, in/4, in/H and m/U2. 
The phologniph taken twenty- 
fcatr hours lat<T shows complete 
ft^versiil of the (aaigulation only 
fc^r the tul«* to which m/1 
IMitiiaaium ioi lid was added and 
lc»sH iintl less nna^rsioii ns the 
eoneiailniticm of the reversing 
Wilt was lowi^md. 

it Ix'i thought that 
theirs «l>«'*rviiiica-ison ** dead 
prot4!in« do not apply to ** liv- 
ing ” tiwues the following ob- 
tMsrvatioiis of Kehok ^ may l>e 
of int4!ni8t. The enzymatit't 
rfmcdioiiH an:^ ix^rluip fui eharae- 
leriKtic of living matter as any. 
Kehok fifuls that the starch- 
splitting activity of saliva may 



IloMET A. IC»Hoi: Personal communication (1921). 


Figure 112. 
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be killed ” through the addition of various heavy metals. Saliva, 
thus “ poisoned for weeks, will agaip split starches to dextrose 
when any of the light metal salts are added to it. I^ut here again 
interesting differences appear. While all the lighter metals act 
in this fashion, excessive addition of such metals as potassium 
will again kill the reaction. Apparently only when the en^syme 
^presumably a protein) has a medium grades of dispersion and 
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hydration and not an excessive one with excessive solubility in 
water will it best exhibit its starch-splitting properties.^ 

3. On the Nature and Relief of Heavy Metal Poisoning 

§1 

It is perhaps fair to say that the present day treatment of heavy 
metal poisoning is an attempt, in the main, to discover some 

^ This idea that optimal enzymatic activity is associated with a certain 
degree of dispersion of the enzyme, independently arrived at by Kkhoe, 
was -first discovered through other colloid-chemical methods by A. Fodor 
(Fermentforschung, 4, 191, 209 (1920)). Fodor found that the enzymatic 
activity (digestion of polypeptids) and ultramicroscopic picture of a phos- 
phoprotein obtained from yeast was destroyed through the action of rnijch 
acid but that both could be restored through neutralization of the acid and 
addition of KCL 
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** iiiitifltilf' ” mliirli will throw tli(» jhuhoihhis out of boIu- 

tion '' io ** iiiBoliihlr ’* ftinti. Many factn in chonuntry^ phanna- 
nilog}- lht*rii|iy alroatly miffico t :0 incli<*Ht(^ Wmi nuch a notion 
n^giirtling tlio ii.rttoii of antidotal ngontn in inconvct. llidesH, for 
axiiiiipliN an «*xiitily imAn^r vtnwvnimtmi in nmintainod, the adinin- 
istnitioii of <»r fMitawitiin hnlid to individualn poinonod 

with kmd or iii«»rtnirv ihiI n*Hult in tho fonnation of inHolul)lo 
load or iiifrcniry «dtH, hnt may cfuito na (‘usily yield nohihlo productn, 
Aral yol tin* lw*m*firoiit oflortH <4 a«lid adminintration in the r(4ief 
of viiri«»tw hoiivy motid intoxieationH, <‘vc‘n wlam Buch concen- 
tration iletailH no* iumm^d, cannot 1 h‘ doubted. In i\u\ experi- 
ments f»f Kkiioe the conri»ntration of the n*v(‘rHin|i; wiltn w^an ho 
cliow*n as In yielil im precipitatcB of the hc*avy metal ekanentH, 
and yi‘t the mop* normal stato of the jmwnouHly (!oagulated pro- 
t44n was tmdoulilially rf*B!<»pal, 

77if /iriiei/ inrhif mtih (h rm( pmHon pwioplamrt hmime they are 
dinHi^tml in if, hut iHTumt they emihinr with the protein (urmtituenta 
of the rrtt to ijirhl iumtluhle proteinaieH of hw hydration capacity. 
Antidotrn do not .wir# Much poimoml ccIIh hecmm* they precipitate the 
heaey mrtat, hut inmuse they displace the heavy metal from Hm protein 
Cimibinniitm h# umk themmiveH ivith the protein freed, dlu* h(*avy 
na^ffd |iii*vtouHly iitHolnble laHamsi* tnnte<l to the protoi)kiHm of 
the <a*ll lignin lM*comt*B j^olublc^ and m such may Ihj wanhcd out of 
the iKKiy. 


§2 

The above conHideriitionB bring with them, we think, Bug- 
geBlimiB of firiirtieid vidut* for tin* treatment of all the laaivy metal 

la'iiHoniiigB. 

It in obvimiB that if the heavy metal proteinaten rev(‘.rt under 
the infhieiiei* of light im^tal HidtH to the proteinates of th(*H(^ light(*r 
metfdH I which then more nearly approximate in phynical ntate the 
imikauH of the normiil ca»ll| a w*eond naiaon apiamra for the admm- 
mtmiiwi of krye dimeM of alkali to imiienk poimmd l)tf the heavy 
mialn. h first, ntiiwm was found and utilised Boine yearn ago * 
when the adiiiinistratioii of alkali waa rc^commcnded to patientn 

* If. Fwciiee: a^kleniii, 123, 133, New York (1910); Nephritis, 

52, 12f>, 173. IHII, New York 11012); (I'kiema and Nephritis, 2nd Ed.y 549, 
SIK/New York 1 1915); CKderrifi and Nephritis, 3rd Ed., 727, 789, New York 
(liril). Ileri'^ mmierotw refenmciM to the older literature may be found. 
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poisoned (or about to be poisoned for therapeutic reasons) by 
arsenic, mercury or lead. As discovered by F. Hoppe-Seyler 
and his pupils, T. Araki, T. Irasawa and H. Zillessen, the heavy 
metals interfere with the normal oxidation chemistry of living 
cells, resulting in an abnormal production and accumulation of 
acids in the involved cells. Such increased acid content is fol- 
lowed by an increased water absorption (oedema) of the involved 
cells wMch in the case of such organs as the brain, medulla and 
kidney may lead to a fatal issue. Associated with this phar- 
macological action of the heavy metals and the swelling of certain 
proteins is their other colloid-chemical action which results in the 
formation of less hydratable compounds (like the metallic globu- 
linates). The combination of the swelling of certain proteins 
with the dehydration of others yields the anatomical picture which 
the pathologists call “cloudy swelling.’' To neutralize the 
acids formed and thus to reduce the swelling of the one while at 
the same time the attempt is made to uncoagulate the dehydrated 
second and thus clear the “ clouding,” heavy doses of alkali are 
needed (like the bicarbonates, carbonates and hydroxids of sodium, 
potassium and magnesium or, in general, any of the lighter bases in 
combination with organic acids oxidizable to carbonates). These 
substances alone, or better in mixture, must be given in sufficient 
amounts day and night to maintain a 'permanently neutral or even 
a slightly alkaline reaction of the urine. In order to float off in 
solution the liberated heavy metal, water is needed. It must, 
however, be remembered that water alone, especially when brought 
in contact with cells inclined to oedema, favors their swelling and 
solution. To offset such deleterious effects, the alkaline salts and 
water mtake must be so controlled (whether given by mouth, 
rectum or intravenously) as always to have the combination touch 
the affected cells in hypertonic solution. ^ How much may be 
accomplished in saving an extra fraction of those poisoned by the 
heavy metals by such methods may be deduced not only from my 
own studies ^ but from the independent ones of William deB. 
MacNider and H. B. Weiss.^ 

^ For details regarding such treatment see Martin H. Fischer: (Edema 
and Nephritis, 3rd Ed., 667, 678, 783, New York (1921). 

2 Martin H. Fischer: (Edema, 123, 133, New York (1910); Nephritis, 
52, 125, 173, 186, New York (1912); (Edema and Nephritis, 2nd Ed., 549, 
648, New York (1915); (Edema and Nephritis, 3rd Ed., 727, 789, New York 
(1921). 

® William deB. MacNider: Jour, Exp, Med., 23, 171 (1916); ibid., 26, 
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4. Concluding Remarks 

In iMinignipiis wo Khali in rather dogmatic 

fuKhiiHi try til gnmp tlio nwiltH of tlw^ Htndies outlined in these 
pitgoH with Kiimc iiliiiT ones.' nil of which had in common the pur- 
jMiHc of ntuily/.iug piiiliipluKni colloiii-chiunically and of defining 
UK accumtidy jik [MiKKilili- the nature of various changi'K olmervable 
in the living ntaHs when NulijiTtisl to physiological or pathological 
change. 

§ I 


Biological i'viiicnce initicales that of the five proximate prin- 
cipli-.H foumi in [iroloplasin, protein, carbohydrate, fat, salt and 
water thn’i' constitute an imslucibli' minimum. While life 
rimy continue in the ab.setK’e of (;arbohydrate and fat it ceases 
a.s siHin as any of the other three is missing. What is the relation- 
ship of thes<' to each other? In the common Imlicf thestf materials 
«'xist *• in dilute solution " in the wlls which, plainly put, are held 
to !h* little bags of salt solution in which th(! proteins are either 
disHiiU'cii or “ susiMutdcd.” Ami yet , normrd protoplasm even 
whim very rich in srdts has not a salty taste and diMis not yield 
any appreciable jstrlion of its salt content to rain or dew^ or 
the distilled water in which it may l«i bathed. The salts are 
obviously not in dilute solution hut (siinhined with the protein. 
Biological reasoning therffon- comjMds the same conclusion 
to which the analogies existent Irntwccn the laihavior of simple 
(pnitcin! colloid systems ami the Isihavior of living matter have 
led us. Tht Hit-ciitlid “ »«/t« " iind the water of jrrolojdami {except 
m thnnitiral amoiiiite) are not "free." The mltn are combined urith 
the prou ine and the eomhination in not “ dimotved ” in water, but 
convirHely. water in diemdeed in it. Living matter is in essence a 
unit, a hydntfeii hasic-protein-ucid complex in which ionization, 
the laws of trui' solution and the pnisence of water in a state 
analogous to that s«*en in a gla»i are reduced practically to zero.® 


1, HI auiT): ibid . SH, fiO, filT tlSlH); Proc. Soc. Exp. Biol, and Med., 14, 
l id (ltll7l; H. H, VVkish: Jmir. Am. Mod. Assn., 68, 1618 (1917); ibid., 71, 

UMAflWlH) „ ^ 

' .Mahtin H Fiismi-m and Mahian O. IIookbb: Fats and fatty Degen- 
cnitioii. New York fun7): Martin H. Fischrr: (Edema and Nephritis, 
3rd ImI . New York (isril) 

.Icihn I’m liMivu: IWcctic Med. Jour., 76, 616 (1915). 

« Wtial is wud horn of the "salts"— which obviously are made when pro- 
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It is as different from the ordinary dilute solution as a solution ” 
of water in phenol is different from one of phenol in water. 

The experiments detailed in the preceding pages also indicate 
how the colloid-chemical nature of this hydrated protein colloid 
which constitutes the physiological basis of life may be changed, 
either from within or without, so as to give rise to the manifesta- 
tions of physiology, or, when more accentuated, of pathology. 
Through temporarily or more continuously acting factors, he they 
mild or drastic in their action, the chemical character of protoplasm 
is changed and depending upon the hydration and solution character- 
istics of the new compounds formed, the physical state of the living 
mass is also changed. 

In the hst of the simpler changes which may thus be brought 
about are those which give character to oedema and abnormal 
water loss. The protoplasmic mass which in its “ normal state 
has sucked up as much water as it can, is possessed of what the 
physiologists call a normal water content or a normal turgor. 
If, for any reason, a cell takes up more than this normal amount 
of water, it becomes “ cedematous.’^ The botanists say that 
the cell is then in a state of abnormally high turgor which, when 
extreme, results in destruction of the cell or “ plasmoptysis.” 
Obviously, anything which under physiological or pathological 
conditions brings about such change in the colloid mass, which, 
in other words, enables it to absorb such excessive amounts of 
water may be listed as a cause ’’ of oedema or increased turgor. 

For this reason abnormal accumulations of acids or of alkalies 
within a cell may be listed as causes for oedema, for these so act 
upon the “ normal ” albumins of the cell as to convert them 
into albuminates which have a higher hydration capacity. But 
the amins, pyridin and urea also increase the hydration capacity 
of proteins (though in a different way) so they, too, are in pro- 
portion to their activity, '' causes '' for oedema. Or when one 
basic or acid radical is substituted for another in the normal 
protoplasm this may be a cause for oedema; for ammonium or 
potassium proteinates are more hydratable than sodium or mag- 
nesium proteinates, and protein chlorid swells more than protein 

toplasm is subjected to drying out, to the action of water, or to the action of 
analytical agents, is to our minds true also of many other components held to 
be preexistent and dissolved” in Hving matter. Alkaloids certainly do 
not exist as such in normal protoplasm—they are split off through the methods 
used to isolate them as John Uri Lloyd has so often insisted. 
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Miilfilnit**. Siirli fjiriH \ \u* poimmous ” and swelling ofTecis 

uf fitiri* |MitaHHiiiiii Iff |airi‘ ehlorid snlutkaiH tipon normal cnlLs 
wliitdi tai r\|Hisurr* Ui iUvh^ ItKHa tlunr HiHlhim and adcium or ihcir 

Hillpliati* and iiliOMphatia <‘ff. 

tilt fill* tifliia* hand, anything wlnrli dt*(*n‘as(‘s the water hold- 
ini^ fniwur «»f tip" fa’inoiilHi^niie rolloidn in to Ik^ listi^d an a cause 
fur ’* !i}iii»»rnial uat<*r fur shrinkaRt* of thc^ ctdl or, to use 

thr !rriiiiiM»lu|^y uf fhi* iHitiuiistH, plimndlysia.'' Much efTort 
iia.H hri-ii iiiadt' u* UriuR ihcN* swcIHurh and shrinkinRS into reda- 
tiiiii.Hhip u if li f !m‘ law^ uf uMnauie pi-essurc. Thai all sindi attempts 
liavt^ faili’d uill Nurpri>»i“ !it» oiiu, the* laws RovenaduR tla^ water- 
lioldiiiR uf ndU ar*’ tlie laws whiedt Rov(‘rn the waiter- 

!aildi!}|; of iindr nunual ’* colkn^l pndtduH and protein- 

afrs and of ih** n*'w rulloai flrrivattvcs pniduccai from th(^H(‘, when 
i*\puHiai fu flir aciiitii «»f ilifTonait salt 8. Sincit tint derivatives 
prt«lui'otl aro puHHi‘H>^’d <tf imtindy dilltTcud liydration capacities 
evrn wlii’ii tiii ‘ hjiIih ate applied in I lie same* concentrat ion the 
ulliinafe i^wellinuH and slirinkinRs miiHt oltviously also be dif- 
fertiii in spite uf <i|Mivalertee in '* osmotic pnwunn’^ 

As we prr'^iously lisieii various {demumts as “causers” of 
ledeimi w«‘ ruiih! nuw in similar fashion list otlu^rs as causes of 
plasmtilysiN. In httllieMml eoncentration all siilts are sucdi, but 
in their iHi»de uf a«niun we must ilistiiiRuish lK‘lw(Hai at leiist 
Uvu ty|M<H «ff efTiets. Kvi*n witlaait taiteriiiR tlu^ protoplasmic 
masH. Malt inuleculeM may bind water ami so take it away from 
the hy*!rated protoplasmic nnim (shrinking it through ^Vlepriv- 
alitai tif ?4ulveni ’* as first suggested by Khanz IIofmkibtkr 0; 
on the other band file salt radienls may re.placa- ot-hers in the 
protfi|da.Hmie mass binding tlManscdves to the vacated bonds. 
In ibis way !i*ad. mercury ami siinilar pndeinates are proclueed 
wliirh, fis rumpareit with the mcm* ‘‘normal ” [lotassium, sodium 
and iiiiigiiesima proUdnntes, suck up scarcely any water at all. 


§2 

11ie Cf dl« lit b<diemieal variat ions accompanying chemical 
cliiiiige ill tip* fuiidiinaait of the living cell are not, however, 
exhatwIiHl by this change in its wattT-holding power. Its solu- 
bility III wilier also changes. (Generally speaking tbom^ proto- 
* Feani. lior% 114 HTr.li: Andr f. ©xp. Path. u. Fharm., 25, 6 (1888). 
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plasmic derivatives which have a fijroater capacnty for 
have also a greater tendency to “go into solution.” The thitujH 
that make for oedema make aho^ therefore, for the oppeoraNee of 
protem (“ albumin ”) in the mirrounding medium. 'rh(‘ swolhai 
kidney in nephritis therefore yields all>U!nin to thc^. uriiH‘ {nlhuinin- 
uria); the ocdernatous })rain or spinal cord inakos tlu^ protein 
content of the spinal fluid go up; etc. 

In association with theses change's in th(^ din'c'tion of incrc'nsed 
swelling and incnuisc'd solubility, or (ku'n'ast'd swc'lling and 
decreased solubility, it is w(dl to carry in mind a third type of 
change to be consick'.red wluau'vc'r salt, in ratlu'.r higli (‘onca'ut ra- 
tion is added to ])rot()pla.sm and wlu'n th(' possibilith's for cliemieal 
reaction bet.ween the salt and tlu^ prot(^plnsm an^ praetitailly 

Z(U*o. Th(' changt' about to Ik' do- 
scrilx'.d si^arct'.ly appc'ars wlasn tla^ 
normal (ndativc'ly dry) c(‘ll is up f<»r 
(‘onsideration; it may be prominent 
wlaai tlu^ ctdl is mdeanatouH (or prac- 
tically li(iuid). ItV/ea a rhemintlly 
nonr-acMve aali in applied h/ pndfpdasm 
in reUitively high coueeutration it tefidn 
to shrink the nminal nil (sec* *t of 
Fig. 1 14) e(mcenirically; when mixed 
with a more liquid protoplasm the mlt parliclm uniit with water 
within the protoplasmic mms (see B of Fig. 114). Ih'hydrnf ion 
* of the (protein) colloids of the coll oc(!urB iii both inHlaiiri'H, fait, 
volume change (in the sense of a decre.iU4e) may not ap|)ear in flu? 
second. 

The matter is of much importaiu^e in t lu^ analysiH of t\m princi- 
ples which must guide us in the treatment of (eck'ma. Ah ho 
often insisted; all saltS; including sodium chlorid, dticreaso tla^ 
hydration capacity of a protein in the prescmcc^ of an acid and 
for this reason should be administered in as high a conctuifration 
as possible to the oedematous individual. It lias, howc'ver, lunm 
insisted by various clinicians that the administration of Halts 
(especially sodium chlorid) dws not dc'(‘rc‘aw% hni may actually 
increase oedema. While many of the obscTvations intenclc'd to 






l*U..Tl:|N I>KHIVAT!VKS AND TLSSUKS 


247 


mnv lim i.n- Hubj.-.-t to m.ri.MiH <,u,.Hiion. the observations 
b.ini!.-.! Ill thw vohuiio ' show how wich (mrasional findings may 

Aftrr III.* .i.«wrih.d in H of 114 haa been attained 

t. n..e.iH to h* o•llH•!lllH•r.•d that, nrry salt water droplet is enclosed 
nthin rt ht/>lrHl,d eMml iwmhrane. Hut these are. lurw osmotic 
ttjstrms; for the t-.e^niled tHTmeahle memlwanes of the physical 
■hrnuxU, ir/i.r/i r jui.ss thrmiyh them but (as commonly 

tiirije.l) tm riisso/od Huh.Htiuiees, are also ndhimj hut hydrated colloid 
m mhrmu K. Xooe ../ them are really imiHrmeable. to dissolved suh- 
itaner.-i, hat they allow the /Hissaye of sueh only very sUnvly. Tlu* 
i.<|. u(u»oin. n il <ii hv<lntli*<l from within may thendore swell still 
norr if water D* given, for it has tH*en converted into a serie.s 
if linv (witi.itn- sv»ii-iim, in other wortis droplets of concentrated 
«dl wthiiioii in M iiiijii rniealile hags of hydnited colloid. 

Them' n-iunrks iihimI ih.i, however, Ims misunderstood. The 
wrmal erll 11 m* »xtch system and the. play of osnwlic forces within 
‘i iM |iriirliriill|| srta. 

Fniiii itirir tm iwlnina tha clinicians have conic 

III I fir* fulfil vtmdnmm I hut fhi* way to tnmt it is to withhold 
mil, iriinl IM mrrMHurij In |/iir mtU but to withhold water. 




Wc ifiiiy fifiii" rf’lnrii to the general question of the possibilitioB 
‘fir tfie ihn'ehijiiiieiif iif iiNuotie |mi|M‘rticH by any cell under 
itiywiilr^irnl iir jiiiltiitltiginil eiretnnsifinec^s. 

Illivitiii:»|y, w‘lieiiit%''i*r tJie hydmted protein inass moves under 
ill* Ilf |iliysiolii|cieiil iictivity or in consiHiuence of 

iijiiry* ete,, in llie ilimefiim of itiemised hydration and Lncreasod 
wliibility in iviilr^r it mmm iitso* in the dirc*ction of increased 
wiiolie |iinwiin%** iiicn'iw^d electrical conductivity, increased 
iiiifiity iiiicl \dmwity; while changes in the direction 

if liyilriitififi rnfiiicity and d(*cmis(Hl solubility make 

i*r Jill Ilf rtiiiiiit*s. It is well to Is^ar in mind the simple 

ifil4ip.i nf rimiiges, for in tliem is carried the “ explanation 
if IImi liiniii wtiieli tcKltiy imfHide progroi^ in physiology 

>r imtlicilc^y. 


^ i%tt imm* m. 
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When it is observed that the colloid-chemical interplay between 
protein colloids, water and various so-called “ electrolytes ” is 
governed both qualitatively and quantitatively by the same laws 
which govern various physiological functions (like water absorp- 
tion, muscular contraction, nerve conduction, sense of taste, 
digestion, enzymatic reaction, etc.) it follows that the essence 
of these physiological reactions must also be found in such colloid- 
chemical changes in the protein fraction of the protoplasmic 
mass. We locate, in other words, the portion of the living mass 
in which physiological behavior has its seat. And in pathology, 
it is again obvious that if the laws governing various pathological 
changes are those which govern the colloid-chemical behavior of 
proteins we obtain here, too, an answer to the nature of these 
changes while discovering, at the same time, the principles which 
must guide us in their treatment. 

Protoplasm when stimulated ” or injured manifests sub- 
sequently a current of action ” or “ reaction to injury.’’ Physio- 
logically we Imow that the irritated or injured protoplasm becomes 
more acid, that its electrical potential toward an uninjured or less 
injured part changes, and that it shows an increased osixiotic pres- 
sure; pathologically we observe the injured protoplasm to swell, 
to undergo, perhaps, a cloudy ” swelling or* “ albuminous 
degeneration,” which when sufficiently severe may be followed 
by fatty degeneration ” and death of the involved part (“ necro- 
sis ”). 

The concepts developed in the preceding pages may serve to 
indicate how these physiological, anatomical and pathological 
entities hang together. The production of acid in a part, either 
through activity or injury, must, of necessity, bring with it an 
electrical change, succeeded by a chemical one in which the pro- 
teins of the involved protoplasm are given an increased hydra- 
tion capacity and so, if water is present, are made to swell. Such 
swelling will, however, be manifested only by proteins of the 
albumin type. The globulins, on the other hand (which as 
sodium, magnesium or calcium globulinate have in this form a 
higher hydration capacity), will be robbed of their bases, and, as 
the less hydratable '' free ” '' globulinic acid ” tend to be pre- 
cipitated. The combination yields a precipitated material within 
a swollen one, in other words, the anatomical picture of cloudy 
swelling. But the swollen proteins are also more soluble in water. 
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Till* iiiv«ilvrt| |fruiu|»!aMiii will imi only tend to mix 

with Niirnmiiding mvtUmu, f»ut (exeept for the globulin fnic- 
iiiiitl Will \h' iiiuviiig from n ^?ys^em n»prc‘H<‘nted by a Holu- 

fioit Ilf wafer ill laitieriitl tovvnrdH a Hyntem repreaented 

by It frtii* sutufioii lif itii* iMilloiii mnterial (tlie protoplanin) in water. 
Aa itiip|«aeH iliiTi* will !»i‘ c»baf*rved a li(|uefaetion ” of the 
|iniftt|iIa.Hni, n tlr>vrv2i.m> in ita vineoHity, an inen^ased difTuaibility 
Hill! iff Hiirli im|MM|ed by hydmt(‘d colloid walls) inani- 

feHfatiofiH Ilf nti iiirri'itM'ii o.Hmoti(* pnssHurc^. 

Tbr rlytiigi'H ihwiilnnl make fora ateady decreaBC in 

tin* amoiiiii hC bvdiiipliilir colloid pii*Hc*nt in unit volume of 
liroiopla^iii and flic apiM-arance of mor<» and mon* “ frec^ ” water. 
Hut uiid«*r circumHiaiicc any fat pnwiouHly hc^ld apart in 

finely iliiidni form wiihin the protopliiHin iM^giim to run together 
into laigi r globules Ah thi.H hupjMaiH we get tlu^ anatomical pic- 
llife of '* fully degciieraf ion,** 

We luiv<‘ noi tliiiM far considen*d the (piention of whether a 
reviU'HnI ill file rii i‘iimHtnneeH pnMlueing tint Hm’ies of changen 
dcHerilrt-d uitli their lua-ompnnying iilterationH in function) allowB 
llieMi^ fdmiigi H to n vciH*’ or not. If nwernion in possibh^ th(‘ con- 
eiiimn ' riindde if not, the* involved protoplasm dies^ or, to 
say it III t*reek, if HufTers necrosis. 


( ’iifiKtdering I hill in a thoiiHaml pages of pathology the sub- 
jec-fs of ledi ina. cloudy swelling and fatty degimeration Hcarcely 
lake up a do/cin it may impresH the naidtu' that too much has been 
made of tln-iii in the piig««H of this volume and preceding ones. If 
the iiiafter iieiuls Jiisfiliention then it is writtem in the fact that all 
diHiiirbiiiice ill function iiihI idl th(* changi^s of diw^asi^. which are 
reverHililr iiiiil tliiu'efore cttrahli* are eontaintsl within the confines 
Ilf ihew^ lowly ronerpls. C 'ells once tleiwl may be midaeed by 
oilierH, but the fihysician diw^s not <lo this. If he has a problem 
if iH iliiit of hiiw to maintiiiii the physiological; to understand 
the Hill lire of the imtliological; mid to umy not with hope only, 
bur. iviih laiiisriiiiis |>ower his knowledge of theses things in order 
to aid mil till* ill her efforts to nsstore an injimul cell to the rionnal. 

1 'fi iiiisteii Hiicli .Holufiftn our efforts have not brought us far. 
1*0 do it ill the terms of morpholog\^ is to end in pictures; to do 
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it in the terms of pure chemistry is to t*n(l in formulie. Perha|B 
to do it in the tenns of colloi<l-ch(‘iniHtry as attempted in the 
preceding page's is also inad('(pl^li(^ hut if it is, th<* fault is reHidcmi 
in the misai)plieations which have^ heum madc% not in the iniidc>- 
quacies of coUoid-chemiBtry to tiic task. 


I'AUr FOUlt 


.\rri:sDix 



PHYSICCMTHEMICiU. C05STA5TS OF VARIOUS FATTY ACTOS 





Acids of the Series C;^H2ft-202 — ^Acids of the Acrylic or Oleic Series 
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II 


PHYSICO-CHEMICAL CONSTANTS OF VARIOUS ALCOHOLS ‘ 
1. Monatomic Alcohols of the Formula CJHan+ lOH 


Alcohol. 

Formula 

. _ 

Molecular 

weight. 

Methyl 

CIlaOH 

22. OH 

Ethyl 

CallfiOIl 

4(L0f) 

Propyl 

CsHiOH 

00 00 

Butyl 

C 4 H 0 OH 

74.08 

Amyl 

CftHuOH 

HH. 10 

Capryl 



Heptyl 

CtHuOH 

110. IH 

Octyl 

CsHnOH 

1H0.15 

Nonyl 

CoHxsOH i 

144.10 


gravity. 


t) 7illH 4 

MS> 

o.7Hnw 4 
().H()ar>H 4 
o-KKintt 


0 

0 H:i7n 
O.H34«*4^ 


Mi’ltiiig” 


■■ it7 H” 
U2 .T* 


:m 5*^ 

r, 0^ 


2. Diatomic Alcohols 


Boiling- 

jMniJt 


m 7H** 
7H r 
97 -r 

n? 

H" 


17.’^ 

H>5 f»*‘ 
2ir» 0‘* 


Ethylene 

CsK4(OH)j 

02.05 


- 17.4® 

197,37® 

glycol 

Trimethylene 

aHflCOlDt 

70.00 



210 0® 

glycol * 







< 

L Triatomic Alcohols 



Glycerin 

1 CsH6(OH)« I 

92.00 

1 1.2(Km¥ 

1 17® 

1 2iHI . 0« 



4. Other 

Alcohols 



Allyl 

CsIIsOH 

68.05 

o.Hmii 

- 129® 

90 mi® 

Benzyl ® 

CrlhOH 

108 . 00 

1 ,039711 


2CHi O’* 

Cinnamyl 

C 9 IUOH 

1H4.08 

irr 

257 . 5® 

j 


1 Data from Van Nostrand's Chemical Annual, edited hy John C. Dlhkn, New York 
(lOKB, unless otherwise specified. 

^ V. V. Richter; Organische Chemit*, 10^^* Aufl, 1, HIO (HKiaK 

» W. H. Perkin and F. Stanley Kipping: Organic Chemistry, 451, London and Edin- 
burgh (1911). 
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A 

Acetic Acid, 7, 253. 

Acetic Series, fatty acids of, 7, 253; soaps of, 16. 

Acetic Series Soaps, 16, salting-out of, 117, 135; gelation of, 135; and foam- 
ing characteristics, 138, 141; and emulsifying characteristics, 136, 150; 
and washing characteristics, 136, 157. 

Acid, acetic, 7, 253; butyric, 7, 253; valeric, 7, 253; caproic, 7, 253; caprylic, 
7, 253; capric, 7, 253; lauric, 7, 253; ficocerylic, 7; m 3 rrjstic, 7, 253; 
isocetic, 7; palmitic, 7, 253; margaric, 7, 253; stearic, 7, 253; arachidic, 
7, 253; behenic, 7, 253; lignoceric, 7; carnaubic, 7; pisangcerylic, 7; 
cerotic, 7, 253; montanic, 7; melissic, 7; psyllostearylic, 7; tiglic, 7, 
254; hypogaeic, 7, 254; physetoleic, 7, 254; palmitoleic, 7, 254; lyco- 
podic, 7, 254; oleic, 7, 254; elaidic, 7, 254; isooleic, 7, 254; rapic, 7, 
254; petroselinic, 7, 254; cheiranthic, 7, 254; liver oleic, 7, 254; doeglic, 
7, 254; jecoleic, 7, 254; gadoleic, 7, 254; erucic, 7, 254; brassidic, 7, 254; 
isoerucic, 7, 254; linolic, 8, 255; millet oil, 8, 255; telfairic, 8, 255; 
elaeomargaric, 8, 255; elaeostearic, 8, 255; tariric, 8; hydnocarpic, 8; 
chaulmoogric, 8; linolenic, 8; isolinolenic, 8; jecoric, 8; isanic, 8; 
therapic, 8; clupanodonic, 8; arachidonic, 8; sabinic, 8; juniperic, 8; 
lanopalmic, 8; coceric, 8; ricinoleic, 8; isoricinoleic, 8; ricinelaidic, 8; 
ricinic, 8; quince oil, 8; dihydroxystearic, 8; lanoceric, 8; hepta- 
decamethylenedicarboxylic, 8; octodecamethylenedicarboxylic, 8; jap- 
anic, 8; formic, 253; propionic, 253; heptylic, 253; hyaenic, 253; pel- 
largonic, 253. 

Acids, fatty, 7, 8, 253; of the series CnH 2 n+iCOOH, 20; amins of fatty, 206; 
solubility of fatty in and for water, 206; and imion with proteins, 227. 

Acid Soap, 112. 

Acrylic Acid Series, 7, 254. 

Additive Salt Effects, 102. 

Adsorption, in soap systems, 185. 

Albumin Content of Secretions, 246. 

Albuminous Degeneration, 248. 

Albuminuria, 246. 

Alcohols, ethyl, 30, 31, 34, 56, 57; amyl, 34, 56, 57; capryl, 34, 56, 57; 
heptyl, 34, 56, 57; methyl, 34, 56, 57; octyl, 34, 56, 57; nonyl, 34, 56, 57; 
propyl, 34, 56, 57; monatomic, 44, 56; allyl, 49, 53; benzyl, 49, 58; 
cinnamyl, 49; diatomic, 50, 58; triatomic, 52, 59; and so<hum oleate, 
46 ; and sodium elaidate, 46; and sodium erucate, 47 ; and sodium linolate, 
48. 

Alcohol/soap Systems, 30. 

Alkalies, and salting-out effects on potassium oleate, 120, 121; and unioB, 
with proteins, 227; and heavy metal poisoning, 241, 
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Alkai^idk, and 241. 

Aua'l Ai/’oiion, 49, /Ki, 2M\. 

AMiN<y-A(Mim, 205. 

AMiNOFArrv-Acins, 2 (Mj 

Ammonuim 24; 25; »ti»firfit.«% *«. Iinliiiiij 

Ammonium ('iinoicio, and Knit *4 fil, i:i*l 

Ammonhim Hvoiaixio, and Knit iiig-out itf m»i4|», lit 

Amvl Aoktatk, fd 

Amyl AlciuioIi, 24, 5tt. 57, 2r»d 

Analooiks, in cnjlloitMunniMfry of priift^iii lirnviiiiV'r'n mi* 

Antidotkh, 241. 

AiucinoK’ A(‘io, 7, 252. 

AitAiniinoNic Afin, 8. 

Ahhkhtoh, HKi. 

li 

Hauii^m linoliiti*, 24, oloair, 25>, j^traniti*, 2lK 
Hahvtlh, 192 
Bkhhwax. 109. 

Bkhknh' A<‘n>, 7, 252. 

BKNZALDHIIYn, 01, 02. 
lil'lN'/KHK, 01, ty. 

Bkn'/yl Alcohol, 49, 5S, 2<50 
Bibluxhiaihiy, 257. 

BlOUXnCAL (5»A(iULATIOM4, 222 

Bi/xm (’oAtit^LATfoN, 222 
Borax, an Hoap Ollf»r, 1H5 
Bhahhidu! Acin, 7, 25-1 
Brink, and wdting-otii of Himpn. tH2 
Birmiu Kat, I OH. 

Butyl (Iho) Au’ohol, 50, 57, 25<l 
Butyiuu Ai*in, 7, 252. 


c* 

Cacao Buttku, 107. 

CAuauM (2iiA)HnL ami «dt of wnifw, 121 
Caujuim Hyi>Hoxii>, in miiimfiirtnrr, !»2 
CAunuM linolnto, 24; oloa!t% 25; Ktoiinilo, 'ill; iiyilf»i*i*| 

Caphk^ Acid, 7, 25.2. 

Caruok? A<‘n), 7, 2A2. 

Capkyl AuromiL, 24, 50, 57, 27»0 
Carkylic A<'ID, 7, 25*2. 

Carbon d'KTHAiniwmiD, 0!, 0.2. 

CARNAimic Acid, 7. 

Cahkin, 228, 2:i2; HvatmiiH, 2HK 
Cabkinookn, coagnlation of, 222. 

CabtorOil, 100. 

CKLiiB, oainotic tihcnoincna in, 247, 

Cbrotic Acid, 7, 25.2, 

Chalk, 192. 

Chaulmooghic Actd, B. 

Chaulmooohk! Acid Hkhikh, H. 

Chkiranthk? Ac'id, 7, 254. 

Chloroform, 01, 0.2. 
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C ’inn AMYL ALmnoL, 49, 25(). 

('lay, UIII. 

(’Wlt’DY SWLLLINL, 24S, 

( 'i.ri'ANuiHLNir Artu, S, 

( 'Lri*ANutM)M<* A<ii> Skhikh, K. 

C 'tKYuri.ATiuN, 22r>; of, 22G; of protein Bystems, 230; through 

hriil, 2iiU. 

C 'uroANL'T ( Hl, M>7. 

( \H‘«'taUL At'io, K. 

C Livku ( Hl, UMh 

C*ui4i IhiurKHB SoAi* MANt’FA(Tniu-:, 170. 

C'ULII WaTKH SuAl‘H, 1H7. 

(’ui 44 »itw» driinition of lyophilir, (H; theory of, CA; classification of, 64; 
lyophoht**, OA; <lifTc‘ri*nce h(*(w<*<4i lyophilic and lyopliobic, 65; lyophilic 
jind iyopholiic, 72; hy.sten'His, swelling, liqu(‘fac.tion, gelation capacity, 
wilvation capHcity, synenwH and sols of, 74; Hwolling of, 75; sweating of, 
76; IIS fillers for HonpH, HK$. 

( ‘ot.uiitMiiLMirAL (’HAN<iLK, juul physiological reactions, 248. 

C ‘iiLuniMifKMiHTHY, of Honp-muking, 6; of i>rotem derivatives, 208; of deriva- 
fives of egg»gl(»hnlin, 210. 
rol44lin 112. 

Systkmh, stuhilis'jition of, 225; reaction of, to indicators, 229. 

( 'uMrAiUHoN', of Hoiips, 23; of soap systems with gelatin systems, 223; of 
mmp syntems with pndein sysfemH, 223. 

(‘ossrANTH, of fids ami oils, 169; of market soaps, 186; of fatty acids, 253; 
Off iilroliois, 256, 

C 'oN:v»;Hwn}X, ctf <ine soap int-o anotluT, 190; of h(*avy metal proteinates to 
light metal proteinates, 237. 

< 'orniMHKLO ( Ol. 165; saiKmification of, 172. 

('ICITK AL MixmiKs, 66. 

( "nrVtVhU l’KM|*KKATt‘HF., 6H. 

C’reiuo (’itLoitui, and Huiting-out of Hoa]>s, 132. 

( ’rriuo SrLi'itATK, 23K, 

( 'tiiAiut.rTV, 249 
( *1*110 SoAlL IHI, 1H3, 

<’t nnKNTur Aition, in protofdasm, 248. 

('yoll* Anns, H, 


I) 

Ilr.AYii, 24K, 

llwiYOHATioN, l\V MHltum chlorid, 246. 
IlKmiVATioN or Solvent, 245. 
DiAitiMif Au‘oitoi.s, 50, 58, 256. 
DiilAI^K* AnOH, H. 

IliHYOiioA YLATi:n Anns, K. 

DiiiYWiiJX YsTFAnic* Ann, H. 

IhriiAHii* Hvhtf.mh, viscosity of, 115. 
Dor.iiUt* Ann, 7, 25*1. 

DnviNii OF i4oAi»H, IH9, 101 


E 

I.:,i„.,;umruN. mwl hydroxids, 207; and water systems. 209; colloid-chem- 
iHtry of <lerivatives of, 210; and acids, 212; and salts, 217. 



264 


SUHJKi*'!’ imh:x 


10L.icoMAn(}AKir Ann, 8, 255. 

I'^L.IOOHTKAHIC S, 255. 
l<]LAi’i)i(! Acid, 7, 254. 

Kmclhification, theory of, 151; in noiij) nistniifiu furr, 171 
KmOLSIFYIN<J ihlOFKKTIKH of SoAfs, l.'ih, loD 

IOmudhion, 75. 

Knzymkh, nn<l heavy inoiul aetion, 25U; »ii»l '* 1 ^ 0 . *Mii 

Kituiac Ai'U), 7, 25*1. 

Ethfrh, ()1. 

Kthyl Ali’ohol, 54, 5(>, 57, 2r»i>; ami ?^oap h\ »t» ;io. ;i| 

F/niYL Al(’<)iioI//Soi)U5m (h,!:\TF S^hti \jh, 51 
ICthyl (Knanthath, <U, <15 
Kthylknkolyi'ol, 50, 58, 50, 25<>, 

KuTtxrnc Mixtukfh, 20. 


¥ 

Fat (5)nhtantk, H»0, 

Fath, 5; in Himp making, Hi I 

FArrv Dfofnkhatkin, 2is 

Fkuhh! (hjDoitiD, ami Halting-out of noapH, 155 

Fkhuk; Hodiuiatk, 25S. 

Fuiuinookn, (‘ongulathm of, 255. 

Fhxk.’khydu! Acid, 7, 

Fillfd Hoafs, 1 85. 

Fuxfh for Soai'H, borax an, IK5; mtgar M4»hiiton um. 102; ivm, |y;|; 

naiun^ of artmn of. 104; uho of, m 
Finihhino of Soafh, IH5. 

Fu)CR, 105, 

Foamino, of Hoaim, 150; Honi»H ctTeetivi’ for. ills, rifr*-! ui 
15H; thcH»ry of, 151 

Foamh, Holul, 150; Ii{|uiil, 150, priKhi«‘ti«»ii of, 157. mfiiniofinur'r 1.17 
Formic Acid, 255. 


Vt 

(lADOLKic Acid, 7, 254. 

(Iah in (iah, tM. 

(Iah in Liquid, iU. 

(Iah in Sodid, (H. 

(Iaholink, 01, (Ki. 

(»KL, 21; tlH’ory of Hoap, 00, 

(ifdatin, 200, 21H; Hwcllingof, 75, 2IH; ami water 2 Ih, wiliitpifi 

218; inih^KUHlenrc* of Hwelling ami Holulioti in. 210. simi 

I <>f, ^10; Ii<iucfaeli(m of, 220; nml nlkiili. 2‘Ji. iiii4 nn4, 2211. iiini 
Hill 1 , 

Gklatin (hiuiRiD, 221. 

(Jelatin/Watkr Syhtemh, 21H 

(iKLATION C^AFACITIKH, 74, 7t>; of i^tOlUni 21 

Globulinh, and heat coagulation, 255, 

Glycerin, 59, 25(1 
Goohe Fat, lOH. 

Grained Hoaph, 1K5. 

Graining of Hoapk, 5. ’ 
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lfi;%VY nature of p(»i8«>ning by, 211, 

Ilr.AVi Mki \i. }N»!som\<,, nalnr(‘ and rolic‘f of, 241. 
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lli-trT wsi Tiiu.i-.M':nii’\itHoxvni<* Acin, K. 

Hi:rT\\i:. <d, <i3 

ili.prvi, Au'oiioi., 3-1, r>T, 254b 
|ii:rruji- Aoni, 253. 
ifiiii Fat, UbH 

llor PiitH i HH S<ni* M AM FA< TtTti:, 170. 

Hot A 'T1-: H » A Tj^, 1 H? . 

Ih' M;Mr Atu», 2riil 
li VOXiH' AllTio Aein, S, 

liVJHI ATTH, I M, U5 

IhowATJox, «4 gelatin. 210; aitii Holution of prot(*inH, 210. 
llvoHooTx |o\a, of protein watiT HVHteinH, 214 . 
ilM»ii<»oi.N A rt n i ‘orTtiNHTa.t> <hi„ HU|H)nififation of, 173. 

H ¥niieHil:\ ATto\, 13 
ilAOHoTAHlH, of .mwp?^, 7tt 

itunp»\uw, iitid egg^globubn, 2(t7 
IhniioxAt, of protlin water HVateiuH, 214. 

H VniloXA'TATTn Aell»M. H 

tivoliow lien FiioTrimr.H, <»f noapH, IKO. 

IfATaio.T.n' Artn, 7, 254. 

H VHTTiiTHiH, 74 


1 

l?^nir AiHjitrt, 77; and prtJtein Hyntenm, 220. 

I?^iTii¥, to protopiiTinT h2 
Iisnr\ V.Ai,Tt>;, 170 

ATn»-x, ill prolopliiwtn, H2, 243. 

nilloid, U2. 

|t4A\iT Ai'in, H 

ImillTTAT* AL^'Olion, 541, 57. 

|«iiT’;'ii«' Ann, 7, 
liioTTiTTiT Ann, 7, 254. 

Ann, H. 

Ann, »h, 2.54 
lHi»iiHT\'i*iT:n‘ Anf», H. 

iHimAiirrir Hotttiosm, 2.'Mb 
Ii4irrtiNtc* Hiii.i'TioAiH, 234b 

J 

Wax, ItIH, 

Jatakii* .A<‘iii, H, 

Jr.nii.rjr Ani*, 7, 25'!, 

JKriiKiT An I*. H 
JlT.t.l of W»||pJ4. III. 
jTxiriiiiir Ann, H, 


IH3, 
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L 

Lanoceric Acid, 8. 

Lanopalmic Acm, 8. 

Lard, 168. 

Latjrates, 14, 28. 

Lauric Acid, 7, 253. 

Lead linolate, 24; oleate, 25; stearate, 26; palmitate, 27; laurate, 28. 
Lead Chlorid, 238. 

Leimniederschlag, 183. 

Light Metal Proteinates, 237. 

Lignoceric Acid, 7. 

Limonene, 61, 63. 

Linolates, 10, 24. 

Linolenic Acid, 8. 

Linolenic Acid Series, 8. 

Linolic Acid, 8, 255. 

Linolic Acid Series, 8. 

Linseed Oil, 165. 

Liquefaction, 74. 

Liquid Foams, 136. 

Liquid in Gas, 64. 

Liquid in Liquid, 64. 

Liquid in Solid, 64. 

Lithium Oleate, 25. 

Liver Oleic Acid, 7, 253. 

Ltcopodic Acid, 7, 254. 

Lye, 5, 181. 

Lyophilic Colloids, 71; general theory of, 64; definition of, 64. 
Lyophobic Colloids, 65, 72. 


M 

Magnesium linolate, 24; oleate, 25; stearate, 26; palmitate, 27; laurate. 
Magnesium Chlorid, and salting-out of soaps, 131. 

Magnesium Sulphate, and sodium oleate, 200. 

Manufacture, of soap, 163. 

Margaric Acid, 7, 253; as eutectic mixture, 20. 

Marine Soaps, 187. 

Mayonnaise, 115. 

Melissic Acid, 7, 253. 

Mercuric Chlorid, 239. 

Mercury oleate, 25; stearate, 26. 

Methyl Alcohol, 34, 56, 57, 256. 

Milk Coagulation, 233. 

Millet Oil Acid, 8, 255. 

Mixed Systems, 73, 83, 84, 85, 86, 87, 88, 89. 

Monatomic Alcohols, 44, 56, 256; and sodium oleate, 46; and sodi 
elaidate, 46; and sodium erucate, 47; of the series CnH^OH, 49* c 
stants of, 256. ^ 

Monatomic Alcohol/Soap Series, 30. 

Montanic Acid, 7. 

Mutual Solubility, 66. 

Myosinogen, coagulation of, 233. 

Myristic Acid, 7, 253. 
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N 

N 24^, 

Nl:t Til .11, Buai*s, 7S. 

\‘u\ AqriuiS's St)i.v i:x'rs, ami lU), 03. 

Ali’uiiul. mi. mo, r>T, 250. 

XrTMTi. BriTi,ii, 107. 

() 

Ill TIL At<'«>iiuj., Ml, r»0, 57, 250. 

iKfJiTt.’i. 214 : SMiiun t»f Hinliuin chlorid in, *240. 

< III, i 'iiShtWTH, too 

M; liHrd in huhi? itiuking, HVI, 

< III i,ti .h. 10 , 21 . 

I iLl.ir A«'UL T, 254, 

<iLi-;n’ Ann Si-'Jiif.h, 7 , 254. 
i llJVI; i ML. to^i 
I M‘Lx IMlaix Ann^. s, 255. 

( Syhti.mh, 247 ; natnn* nf, 247. 


P 


p.iL'w KLi«xr,L<ML. 107. 

P.YL« t Ml, B»«i 
P.^LMITATITL 14, 27. 
pYLMitn* Atm, T, 25M, 

P.,\L\iiT«M,Ln* At in, 7, 254. 

P \SLYLnijn n, Oil, iui 
Pi,L4itn»*\n^ At m, 25M 

I’l rrt/. uittx. 225; titMiiafmn nf, 220; of fatty addH and protoins, 227. 


Pi.TM«**M'LiM«‘ Ann, 7. 254, 

PiiLxtM. W ATiiit Sv.*^TiAiH, 00; Hfdtiug«ont of, OH. 

PlSI.:\*»LI*iLI'IL\LLIX, 7s, UM, 

PinnL'ntLLO' Afin, 7, 254 
Pin^ifAL Htatl, td Hninp nuxturt‘H, HM. 

Pill t4it iM iiiMit AL C*<»\ht*\nth, tjf fatty acids, 253; of alcohols, 256. 
PiiitMuL*tLi« \L HrAt“rn>XH, anti colloid-chornical changes, 248. 

Pm Hi«iLt«4f.%L Balt Stn.LTinN, 230. 

Pi.\r.\L, «U , tlM 
Pin wia’Lin Lit" Ann, 7 
Pi. \,«\|«tL‘i 245 

Pl %?'»%!* iiTA ?’»lh, 245 
pLiAiiiif’ t'lii.tiiitn, 238. 

piiL'iuMxn, l»y iifnintMuMiii ctaniMainds and heavy inotals, 235. 

puriT BLLiniiL. 105 , I X oo 

Pirr.YHTi AI iiii«4ulr, 24; nlcute, 25; stearatT, *20; palnutate, 27,^laurate, 28; 

(la, Ul. iiA, 1(1-, lltH, IHI, 127, 128, 129, 134, 135, 200, 20L 

hy«ir<i\i<l, 120, 127; fluurul, 121; chlorid, 122, 127, 128, 129; bromid, 
122; ifwiid. 122; iiitmto, 123; Hulphocyanid, 123; sulphocyanate, 124, 
125; Stilpliulc. 125; tartrate, 126; phosphate, 126, citrate, 126; 
I Midi If lot li4 iirtnUi nf, 245. 
i5rr4HHii \t AnTATL, Pi5. 

Put Ai 1 1 IP At in, 122 

PntT ‘-*>4 LAI t *lil4'»l{in, I 22, 127, 128, 129. 

l*,,r vHMi M (’imm;, r2(» 
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Potassium Fluorid, and salting-out of soaps, 121. 

Potassium Hydroxid, and salting-out of soaps, 120, 127. 

POTASSimi lODID, 122. 

Potassium Nitrate, 123. 

Potassium Oleate, salting-out of, 93; effects of water upon, 94; effects of 
alkalies upon, 94; effects of salts upon, 95; effects of alkali and salt 
together upon, 108; historical remarks on the salting-out of, 110; salting- 
out effects of alkalies upon, 120, 121, 127, 128, 129, 134, 135; salting-out 
effects of neutral salts upon, 121, 122, 123, 124, 125, 126, 127, 128, 129, 
130, 131, 132; and sodium carbonate, 200; and sodium silicate, 201; 
and sodium borate, 201; and magnesium sulphate, 201. 

Potassium Phosphate, 126. 

Potassium Soaps, 16, 23; foaming properties of, 143; foaming properties of, 
of the acetic series, 148. 

Potassium Sulphate, 125. 

Potassium Sulphocyanate, 123, 124. 

Potassium Tartrate, 126. 

Potato Flour, 193. 

Propandiol (1, 3), 50. 

Propionic Acid, 253. 

Propyl Alcohol, 34, 56, 57, 256 

Protein, swelling of, 75, 219; acid and basic derivatives of, 206; colloid- 
chemistry of derivatives of, 208; solution of, 218; action of acids and 
alkalies upon, 218; salting-out of, 226; coagulation of, by different 
bases, 230; coagulation of, by heat, 233; and heavy and light metals, 237. 

Protein Derivatives, 205; solution of, 205; hydration of, 205; solubility 
of, in and for water, 206. 

Protein Systems, compared with soap systems, 223. 

Protein/Water Systems, stability of, 214; independence of swelling and 
solution in, 219. 

Protoplasm, solution of water in, 78; ionization in, 82, 243; injury to, 82, 
247; fundamental chemical constitution of, 235; as solution of water in, 
235; effects of introducing different bases into, 236, 237; fundamental 
composition of, 243; salts in, 243; and alkaloids, 244; solubility of, for 
water, 244; solubility of, in water, 245; reaction of, when injured, 247; 
electrical conductivity of, 247; cloudy swelling in, 248. 

PSYLLOSTEARYLIC AciD, 7. 


Quince Oil Acid, 8. 


Q 


P 

Reaction to Injury, in protoplasm, 82, 248. 
Kapic Acid, 7, 254. 

Peichert-meissl Value, 170. 
Reversibility, in soaps, 89. 

Ricinelaidic Acid, 8. 

Ricinic Acid, 8. 

Ricinoleic Acid, 8. 

Ricin oleic Acid Series, 8. 

Ringer Solution, 236. 
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H 


Ar!i», H. 

A, itiiil ln*iivy lUftnlH, 240. 

SALTixti-ot T, uC «)npH, r>s, HO, 00, 182; of phenol/wator system, 68; of 
IMitiiwiuii! tiloiiti*, 00; liistorical mnarkH on, of noaps, 107, 110; theory 
of, of UH; of <lilTorent HoapH, 116; of acetie Horios Boaps, 117; 

etlwlM «»f t'uiu'ont rut ions of .sociiuin ehlorid \ipon, of soaps, 117, 128, 129, 
lllll; of nsixrd Houps. !K|, of protc'ins, 226. 

BaI/w, eflrrts of, on potasHinm ol<*uf<*, 96; water attraeling power of, 110, 111; 

222: relation <if, to iwotophisrn, 242. 

SArfiHirnv^riox, etfeet of ronetait ration of alkali upon, 179. 

B^i'o’virif'ATiuN Vam'Fh 170. 

Hr.«*iit:Tio’Hs, si,H Holnfionsof pnitoplaHin in water, 226; albinnin eontont of, 246. 

ili’HHH, 192 
Bi r4v%il; ton. 160. 

Bi:rri.i:n Bhai*. IhI, |h:p 
Sit SuAl’H, pjl 
StiAr.ii Kmevri'., 22H. 

S<*\i*, th'finition of, 2; |j:raining of, 6; by Twitehell proeoBvS, 5; preparation 
of. 10 

SiiArs, i««4aiitiii riipiicnties of, 10; with difTerent hasie radit^als, 10; with diffor- 
rut fpud railinils, 16; of aeetic^ neid neries, 16; and water eoncentration, 
22; iiiid iMin-iMfUetius aolvents, 60, (Kt; salting-ont of, 68; as normal 
eli’iirolytes, Til, ISO; as eolloidn, 70, 112, IHl; lunitral, 78, 112; hydroly- 
?4|H of, 79: revernihility in, H9; HidtingKiut of, 92, 182; historical remarks: 
oil Hjiltmg^iiit of, 107, lit); j(4lying of, 111; acid, 112, 112; as true 
fiiilitlioiiK, 112; idkalino to phenolphthalein, 112; theory of salting-out 
of, 112; Hfilting-smt of ditTenmt, 116; gelation and salting-out of various, 
of iVe Iiertie 126; foaming proiK^rties of, 126; emulsifying proper- 

tirHof. 126, ir»0; washing proiM^rties of, 126,167; changes in, on cooling, 
IHII, siiltingsmt of iniKed, IHl; curd, IHl, 182; settled, 181, 182; grain- 
ing of, 1H2, lH:i; “gfnng stringy” of, 182; finishing of, 182; half-settled, 
1 h:I; Itlird, IH6; transparisnt, 1H6; physical constants of market, 186; 
roll! water, lH7; hot water, 1H7, marine, 187; hygroscopic properties of, 
IH9; wilier hm hy, IH9; eonverskm of one into another, 190; shaving, 
191: fillers for, 192; hyilrolysis in, 221; heat coagulation of, 231, 232. 
S 4 e%r Ai 4 'oiiiin Hvstokh, lU); with difTerent soaps, 31; with different alco- 
IioIh, 21, 

rirns. lis iiiuluiiliy soluble sysUans, 66, 69; theory of, 69. 

Bmi* IH WATrui, 69. 

So, A I’ Kr,tTLK, IfM. 

SiiAi* il 

So \i» Ai AHt rAiTlUii:, Kkt; by cold process, 170; by hot process, 170; mixing 
of fat with idkfili in, 174; emulHitication in, 174; microscopic changes 
iilisirv«‘d during, 176; aiUlition of alkali in, 178. 

SiiAr Altrn2ti;s, Kl. • , . , , x* x 

SiiAr Hummn, effnets of temiH^niture on, 71; compared with gelatin systems, 

222 . 


StiAl* WATKIt BfffFKMft, 9. ro ro 1 4 - io 

Su,.„r« 17, HI. :$«, 54. 50, 58; rapmte, 19 89 M 56, 58; la^rato. 19, 

■i8 89, 5.1, 56, 58, 5S); jnynHtjite, 19, 49, 54, .>0, .)8, o9; palmitate, 19, 27, 
-tt 54 50, 68, 59; arachidat^', 20, 54; margarate, 20, 42, 54, 56; stearate, 
■M\. ’Mi «, M, 56. 58, 59; elaldato, 21, 55, 57, 68, 59; erucate, 21, 58, 59;, 
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linolate, 21, 24, 57; oleate, 21, 25, 55, 57, 58, 59; acetate-alcohol systemB, 
31; butyrate-alcohol systems, 31; caproate-alcohol systems, 31; caprate- 
alcohol systems, 31; caprylate-alcohol systems, 31; erucate-alcohol sys- 
tems, 35; elaidate-alcohol systems, 35; caprylate, 38, 54, 56, 58; elaidate 
and different alcohols, 46; oleate and different alcohols, 46; erucate and 
different alcohols, 47; linolate and different alcohols, 48; butyrate, 54, 
56; valerate, 54; acetate, 55; formate, 55; propionate, 55; oleate and 
indicators, 78; stearate and indicators, -79; oleate-sodium stearate mix- 
tures, 83, 84, 88; oleate-sodium palmitate mixtures, 83, 85, 88; linolate- 
sodium stearate mixtures, 86, 88; caprylate-sodium stearate mixtures, 
87, 89; chlorid, 117, 128, 129, 130, 185, 246; hydroxid, 120; carbonate 
as soap filler, 185; borate as soap filler, 185; silicate as soap filler, 185; 
gelatinate, 221; cas'einate, 229. 

Sodium Acetate, 55; -alcohol systems, 31. 

Sodium Aeachidate, 20, 54. 

Sodium Borate, as soap filler, 185; and sodium oleate, 199. 

Sodium Butyrate, 54, 56; -alcohol systems, 31. 

Sodium Caprate, 19, 39, 54, 56, 58; -alcohol systems, 31. 

Sodium Caproate, 17, 19, 38, 54, 58; -alcohol systems, 31. 

Sodium Caprylate, 38, 54, 56, 58; -alcohol systems, 31; -sodium stearate 
mixtures, 87, 89. 

Sodium Carbonate, as soap filler, 185; and sodium oleate, 198. 

SoDiu^t Caseinate, 229. 

Sodium Chlorid, and sodium soaps, 80; effects of concentrations of, for 
salting-out of soaps, 117, 128, 129, 130; as soap filler, 185; and dehy- 
dration of protoplasm, 246. 

Sodium Elaidate, 21, 55, 57, 58, 59; -alcohol systems, 35; and different 
alcohols, 46. 

Sodium Erucate, 21, 58, 59; -alcohol systems, 35; and different alcohols, 
47. 

Sodium Formate, 55. 

Sodium Gelatinate, 221. 

Sodium Hydroxid, and salting-out of soaps, 120. 

Sodium Laurate, 19, 28, 39, 54, 56, 58, 59. 

SoDiuiH Linolate, 21, 24, 57; and different alcohols, 48; -sodium stearate 
mixtures, 86, 88. 

Sodium Margarate, 20, 42, 54, 56. 

Sodium Myristate, 19, 40, 54, 56, 58, 59. 

Sodium Oleate, 21, 25, 55, 57, 58, 59; and ethyl alcohol, 31; and different 
alcohols, 46; and indicators, 78; -sodium stearate mixtures, 83, 84, 88; 
-sodium palmitate mixtures, 83, 85, 88; and sodium carbonate, 198; 
and sodium silicate, 199, 201; and sodium borate, 199; and magnesium 
sulphate, 200. 

Sodium Palmitate, 19, 27, 41, 54, 56, 58, 59; -sodium oleate mixtures, 83, 
85, 88. 

Sodium Propionate, 55. 

Sodium Silicate, as soap filler, 185; and sodium oleate, 199, 201. 

Sodium Soaps, 16, 23; of the acetic acid series, 29, 44; of the oleic acid 
series, 29; of the linolic acid series, 29; and diatomic alcohols, 50; and 
triatomic alcohols, 52; and glycerin, 52; and ethyl alcohol, 54; and 
alkali, 80; and sodium chlorid, 80; foaming properties of, 139; produc- 
tion from potassium soaps, 190; production from calcium soaps, 191; 
production from ammonium soaps, 191. 
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Stearate, 20 26, 43, 54, 56, 58, 59; and indicators, 79; 
oleate mixtures, 83, 84, 88; -sodium linolate mixtures, 86, 88; 
. caprylate mixtures, 87, 88. 

)DIITM Valesrate, 54. 

)PT Soap, 83. 


-sodium 

-sodium 


)L, 74, 76. 

)LiD Foams, 136. 

)LiD IN Gas, 64. 

)LiD IN Liqtjid, 64. 

)LiD IN Solid, 64. 

)LiD Tissues, 81. 

)LUBiLiTy, mutual, 66. 

)LUTiON, 17 ; definition of, 69, 221; of proteins, 218. 

)LVATES, 114, 115. 

)lvation Capacity, 74, 76. 

)lvent, deprivation of, 245. 

)L VENTS, 30. 

ARCH, 193. 

:*B ABATES, 10, 26; reversion of, from heavy to light metal soaps, 92. 

'EARic Acid, 7, 253. 

MULATioK", of protoplasm, 248. 

JGAB Solutions, as fillers for soaps, 191. 

JSPENSION, 73. 

VEATING, of colloids, 76, 

YELLING, 74, 75; of protein, 218. 
rNERESis, 17, 30, 74, 76. 

rsTBM, soap/water, 9; soap/alcohol, 30; soap/x, 60; phenol/water, 66; 

gelatin /water, 218; casein/water, 228. 
rsTEMS, viscosity of diphasic, 115; stabilization of, 225; osmotic, 247. 


T 

ILLOW, 168. 
iPiocA, 193. 
miRic Acid, 8. 
iRiRic Acid Series, 8. 

ELFAiRic Acid, 8, 255. 

aEORY, of salting-out of soaps, 113; of washing, 157; of emulsification, 157. 
lERAPic Acid, 8. 

[GT.IC Acid, 7, 254. 

:me, as factor in production of colloid systems, 198. 

[ssuEs, 205. 

ILUENE, 61, 63. 

ElANSPAREMT SOAPS, 186. 

ElIACETIN, 61, 63. 

II ATOMIC Alcohols, 52, 59, 256. 

IIMETHYLENEGLVCOL, 50, 58, 59, 256. 

JRGOR, 244. 

JRPENTINE, 61, 63. 
iviTCHELL Process, 5. 

.V 

VLERic Acid, 7, 253. 
miABLES in soap vat, 4. 

:scosiTY, of mixed systems, 115. 
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W 

Washing Properties, of soaps, 13(i, 157. 
WATEU-ATTRAirriNO 1^)WEH, of Htllts, 11(1, UL 
Water Dissolved in X, HI . 
Water/Eog-glouhlin Systems, 20P. 
Wateh/CJelatin Systems, 21K. 

Water-glass, 185, as soap filler, 185. 

Water in Soap. (>9. 

Water Ijoss, by soaps, 189. 

Waxes, uhimI in soap making, 194. 

Wheat Gluten, 218, 

X 

X Dissolved in Water, 81. 

Xylene, 61, 63. 



